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VITAMIN 


A series devoted to brief facts about the vital health-giving vitemins. 


CHEMICAL AND PHYSICAL PROPERTIES. Vitamin B, (thiamine hydro- 
chloride) is white, water soluble, with a nut-like, salty 

taste and yeast-like odor. Its empirical formula is: 
C.:H:;CIN,OS*HCl. Thiamine produced by synthesis is 

identical chemically and in biological activity with that 

obtained in pure form from nature. 


DEFICIENCIES. A deficiency of thiamine is characterized 
by these symptoms: depression, irritability, fearful- 
ness, lack of initiative and interest, loss of appetite. 
Symptoms vary since in usual practice deficiencies of 
other water-soluble vitamins occur. Medical treatment 
is simple: a sufficient amount of thiamine is administered to relieve 
symptoms quickly and the physician provides for a continuing ade- 
quate intake in combination with other members of the “B” complex. 


A severe deficiency of thiamine leads to beriberi, a serious and some- 
times fatal disease. While beriberi is almost a medical curiosity in the 
United States, it is common in countries in which polished white rice 
is a staple of the diet. Fortunately this dietary disease can be pre- 
vented through enrichment of milled white rice. 


The paragraphs above have been taken from “The Vital Story of 
Vitamin B,”. If you would like the complete text of this, and all other 
stories in the series, please send your request to the Vitamin Division. 


If you are engaged in the manufacture of foods and pharmaceuticals, 
our technical service is at your disposal...in confidence, of course. 
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SPOTLIGHT ON 


A series devoted to brief facts about the vital health-giving vitamins. 


An integral part of the vitamin B-complex, biotin is known to protect 
against the dietary deficiency disease called “egg white injury.” There 
is some indication that the vitamin plays a part in fat metabolism. 
Recent clinical data indicate an apparent relationship between biotin in 
the diet and certain dermatitic lesions of infants. It has also been found 
of value in veterinary medicine in overcoming certain conditions 
affecting poultry, dogs, birds, and dairy calves. 


S\ The empirical formula for biotin is CoHwON2S. It has 
pees | also been known as vitamin H and coenzyme R. The 
Sige vitamin crystallizes in colorless needles. 

d-Biotin is required for the growth of bacteria, plants and animals. 
It appears to be related to the process of cell development. The d- 
biotin content of embryo and tumor tissue is comparatively high. 
Nerve tissue growth is greatly stimulated in the presence of certain 
concentrations of d-biotin. 


The paragraphs above have been excerpted from a 
review of existing knowledge of the vitamin pub- 
lished by the Roche* organization. If you wish a 
copy of this brochure, without charge or obligation, 
please send your request to the Vitamin Division. 


If you are engaged in the manufacture of food or pharmaceuticals, 
our technical service is at your disposal . . . in confidence, of course. 


*Roche Reg. U:S. Pat. Off. 
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STUDIES ON ENZYMATIC TENDERIZAT [ON OF MEAT. IL. 
PANEL AND HISTOLOGICAL ANALYSES OF MEAT TREATED 
WITH LIQUID TENDERIZERS CONTAINING PAPAIN * 


C. EDITH WEIR, H. WANG,’ MARION L. BIRKNER, 
JEAN PARSONS anv BETTY GINGER 


Divisions of Home Economics and Histology, American Meat Institute Foundation, 


The University of Chicago, Chicago, Illinois 
(Manuscript received March 22, 1958) 


Proteolytic enzymes from plant sources have been used for several years 
to tenderize meat. An early attempt to understand something of their mode 
of action was reported in 1942 by Gottschall and Kies (1). They found that 
the most rapid digestion by papain occurred between 158 to 185° F. with very 
little taking place below 86° F. The papain did not penetrate further than 
25 mm. below the surface of raw beef at room temperatures. The activity of 
this surface coating of enzyme was quickly lost upon exposure to cooking 
temperatures above 212° F. Thus, it was necessary for the enzyme to pene- 
trate the meat before the cooking process began. Powdered enzyme prepar- 
ations augmented by physical treatment to facilitate penetration of the meat 
(2) were shown to increase the tenderness of steaks 0.5 to 2.0 inches in thick- 
ness. Holding the treated meat at room temperature for as long as five hours 
before cooking had no effect upon the extent of tenderization (4). Tissue 


changes near the surface included destruction of the sarcolemma and muscle 
fiber nuclei and disappearance of the collagenous fibers. Preliminary studies 
on the use of a liquid tenderizer in this laboratory have been reported (8). 
The basic problem in using enzymes to tenderize meat appears to be that 
of obtaining uniform enzyme distribution. Commercial meat tenderizers of 


the liquid type containing papain dissolved in concentrated salt solution and 
including generally, hydrolyzed vegetable protein, present a possible means 
assisting enzyme penetration. In these experiments the influence of 
tenderizing agents on the structure of the muscle tissue as determined histo- 


logically has been correlated with the effects noted by panel evaluations. 


MATERIALS AND METHODS 


General design. Entire ribeye muscles « f utility grade beef cow carcasses wert chilled 
to 28° F. and sliced into 34 inch steaks. Steaks were immersed in tenderizer solution 
at 40° F. for 14 minute, drained on a stam less steel rack, wrapped and tightly sealed in 
MSAT-80 cellophane [he steaks were weighed before and after treatment with 
tenderizer. Control steaks were wrapped without treatment Steaks were found to pick 
up about 1% their weight when dipped in water under conditions similar to the 
tenderizer treatment. This moisture appeared to be lost during further handling 
(freezing and thawing), there fore the control steaks for this study were untreated 
Most of the steaks were placed in a 20° F. room immediately after wrapping, others 

“Journal paper No. 160, American Meat Institute Foundation, Supported in part 
by a grant from Hurot Milling Company, Harbor Beach, Michigan and Paul-Lewis 
Laboratories, Inc., Milwaukee, Wisconsin. 
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were held at 40° F. for 2 hours before freezing. Steaks were stored at —10° F. and 
laboratory tests were completed within two weeks of treatment. Three liquid tenderizers 
containing papain were tested. Two of these, A and B, contained hydrolyzed vegetable 
proteins and approximately 14% salt expressed as sodium chloride; the other one, C, 
contained more salt and no hydrolyzed vegetable proteins. Generally, the steaks were 
held at 40° F. for 16 hours before cooking to allow for complete thawing. A few of 
the steaks were cooked directly from the frozen state while others were thawed at 
70° F. for 24 hours and cooked without freezing. Direct comparisons were made between 
treatments through the use of triangle tests. Three adjoining steaks were used for 
each test, the center steak being treated in one manner and the outer two in an alternate 
one. Each treatment was carried out on steaks from 3 animals 

Steaks were cooked in an electric broiler regulated so that the temperature, 4 inches 
distant from the element, was maintained at 450° F. The steaks were turned over when 
the internal temperature reached 120° F. and cooking continued until this temperature 
reached 150° F. Steak temperatures were measured using copper-constantan thermo- 
couples. A record was kept of the weight of each steak before and after cooking and of 
the drip loss during cooking. From these figures the per cent yield of cooked steak 
and loss by evaporation during cooking were calculated. Samples of cooked steaks were 
used for panel and histological testing. 

Panel Methods. The taste panel was comprised of 8 persons experienced in scoring 
beef for tenderness. All of the taste panel members examined portions from each of the 
steaks used in the treatment comparisons. Samples were arranged so that each taste 
panel member received samples from similar locations within adjacent steaks. The 
panel member was asked to select the sample which had been treated differently and to 
score all of the samples for tenderness. A scoring range of 1-10 was used, higher scores 
being given to more tender steaks. The choices made in triangle tests were tested for 
significance based on Chi-square tests. The scores for tenderness were analyzed for 
variance and the results expressed as “F” values (3). 

Histological. Both raw and cooked tissue were celloidin processed. Small tissu: 
blocks, approximately 6 mm. in thickness, were fixed in 10% neutral formalin overnight, 
cut in celloidin at 10 microns, and triple stained with hematoxylin, Van Gieson’s and 
Weigert’s. 

Early in the work, some samples from frozen-dried steaks were rehydrated in a 
commercial tenderizer solution for 30 minutes and subsequently similarly celloidin pro- 
cessed. This was done to find out what over-treatment with the liquid tenderizer might 
do structurally to the muscle tissue. None of these deliberately over-treated tissues 
were cooked. 

The blendoring technique developed in our laboratory was used to advantage for 
studying the detailed structure of muscle fibers as well as determining their extensibility 
(6). Isolated muscle fibers, together with adjoining connective tissues from samples of 
cooked, tenderizer treated steaks, were stained in toto with hematoxylin and Van 
Gieson’s. Attention was directed to the sarcolemma and muscle fiber envelopes of those 
fibers obtained from control and treated steaks. These observations were made in the 
light of structural details seen in celloidin sections of the same samples. 

Attempts also were made to trace the elastic tissue in treated samples by making 
sections with the freezing microtome and staining them with Weigert’s stain. The 
thickness of these sections (40 microns) allowed a better perception of the continuity 
of the individual elastic fibers, but did not allow satisfactory photomicrography of the 
material. 

In some experiments cooked tenderizer A treated and untreated steaks were subjected 
to dissection under the binocular microscope for a gross evaluation of the degree of 
connective tissue degradation. The purpose was to separate the muscle fiber bundles 
with forceps, thereby noting the relative amount of effort needed to break loose the 
perimysial strands of connective tissue (mostly collagenous) that bind the fiber bundles 
together. 

RESULTS AND DISCUSSIONS 


The steaks increased an average of 3% in weight when treated with the 


tenderizer re varations. 7 he apparent amount « f re aration adsorbed varied 
to 


from 1.3 to 6.94, depending somewhat upon the weight of the steak, but t 


ry 
1 


STUDIES ON TENDERIZATION OF MEAT. II. 413 


a greater extent upon the closeness with which the muscle bundles were 
bound together. Steak surfaces on removal from the freezer had the dark 
color typical of frozen beef. Unlike conventional frozen beef the meat treated 
with tenderizer did not regain, on exposure to air, the bright red color of 
fresh meat. Drip losses due to thawing were similar for all steaks varying 
less than 1 g. from the average of 1 g. per steak. 

Results of the tests comparing preparations A, B, and C (Table 1) in- 


dicated that there was no appreciable difference in the tenderness of steaks 
treated with either tenderizer A or B. Steaks treated with tenderizer C which 


did not contain hydrolyzed vegetable protein and had a higher salt content, 
were much less tender than those treated with tenderizer A. Tenderizer A 


was used throughout the remainder of the study. 


TABLE 1 
A comparison of the tenderizer effect of three liquid commercial tenderizers 


N Triangle test selections 
f sample 
judged Correct Incorrect 


Denotes siguificance at 


Panel Evaluation. The judges’ selections in the triangle tests com- 
paring untreated and tenderizer treated steaks were influenced by flavor as 
well as tenderness differences. This did not affect the use of triangle tests 
in those comparisons where all the steaks were treated (Tables 1 and 2). 
[he treated steaks had a slightly bitter taste which was easily recognized 
by panel participants after the initial tasting session. The tenderness dfference 
between treated and control steaks was so great (Table 3) that the influence 
flavor differences upon the panel scores was slight. 

Pre-cooking temperature affected the tenderness of treated steaks in some 
cases (Table 2). Although steaks maintained 24 hours at a refrigerator 
temperature of 40° F. were just as tender as those frozen for 6 hours at 
—10° F. and then held 18 hours at 40 F.. steaks cooked without thawing were 
judged slightly less tender than comparable ones thawed at 40° F. for 18 hours. 
Unless enzyme penetration had occurred prior to cooking, it would be de- 
stroyed by the 450° F. broiler temperature and would explain the lesser effect 
on tenderness, Otherwise the more gradual temperature rise 1 the interior of 
the steak (Figure 1) would have resulted in a greater rather than lesser 
effect. The steaks thawed at room temperature (70° F.) for 2 hours were 
much more tender than those thawed for 18 hours in the refrigerator (40 F.) 
and steaks thawed at room temperature were mushy on the suriace. Thus, 
the extent of tenderization produced by the preparation was not influenced by 
freezing, but was influenced markedly by temperature of thawing frozen 
treated steaks. 

The tenderizer acted as effectively upon the steaks whether they were 
from muscles aged 48, 72, 96, or 120 hours before treatment with tenderizer 
(Table 3). Changes in the muscle during this aging period were without 
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TABLE 2 


The effect of precooking storage temperature upon the tenderness of steaks treated with 
tenderizer A 


Precooking storage No. of samples Triangle test selections Tenderness scores 


judged Correct Incorrect Mean “F" value 


| 
Temperature “ime 


2-6 days 
18 hours 


2 hours 21 
2-6 days 


18 hours 


24 hours 


6 hours 
18 hours 


6 hours 
18 hours 


24 hours 


| 

6 hours 
| 18 hours 
} 


22 hours 


2 hours 


1 Denotes significance at the 5% 


2 Denotes significance at the ( 


The slight 


apparent effect upon the tenderizing activity of the preparation. 
increase in tenderness of the untreated samples may reflect normal aging 
The fact that the increase in tenderness of the treated steaks was 


processes. 
not as great as in the untreated ones supports this view. 
The increase in tenderness due to treatment was observed whether the 


steaks were cooked by broiling or by pan frying. The cooking time was the 


same for both methods (Figure 1). Pan-fried steaks took 6 minutes to 
reach an internal temperature of 150° F; broiled steaks took 5 minutes 
when the steaks had been thawed at 40° F. Cooking losses (Table 6) were 
similar for both cooking methods, but pan frying resulted in a slightly 


TABLE 3 


The effect of the post-slaughter age of the meat upon the tenderizing effectiveness of 
tenderizer A 


Post-slaughter age Tenderizer 


(hours) treatment 


Tenderizer 
None 
Tenderizer 
None 
Tenderizer 
None 
Tenderizer 
None 


2 


nn 


N&O & 


wn 


1 Denotes significance at 0.1% level 


— 
40°F. | | 
7 14 1.66 
45° F. | | 
—10° F. | | 
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| 8 13 
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Internal temperature (°F) 


-x—x— Broiled 
—o— Broiled 
--——— Pan fried 
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Cooking time (minutes) 


Figure 1. Internal temperature changes in steaks during cooking. 


greater yield of cooked meat. Steaks cooked from the frozen state were 
exposed to broiler temperatures for 3 minutes longer during cooking than 
those cooked from refrigerator and room temperatures (Figure 1). They 
also had greater evaporation and tota! cooking losses (Table 5). The use 
of tenderizer did not affect the weight lost during cooking (Table 4). The 
slightly greater cooked weight of the treated steaks was due in part to the 
increased weight of the raw steaks treated with the tenderizer preparation 

Histological. Structural changes in raw beef. Treatment of raw steaks 
with tenderizer A by the usual dipping procedure did not result in any 
appreciable structural alterations, not even on the surface of the steaks 
Increasing the intensity of treatment by using frozen-dried steaks, decreasing 
the sample size to blocks 5 mm. in thickness, and increasing the treatment 
time to 30 minutes by direct immersion in tenderizer A yielded different 
results. In this case, granulation invariably occurred in the interfibral spaces 
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TABLE 4 
The effect of tenderizer treatment upon weight changes by steaks during cooking 
Tenderizer treatment 


Factor measured 
Tenderizer A 


Number of steaks 

Raw weight (ave. g.). 

Tenderizer (ave. g.). 

Cooking loss—drip (ave. g.) 
evaporation (ave. g.) 

Cooked weight (ave. g.) 
yield’ (ave. %) 


1 Based on raw weight of steak 


as typically shown in Figure 4. This was the only manifestation of the 
treatment; in all other respects, the tissue appeared indistinguishable from 
normal. The granulated material was ascertained to have been derived 
from endomysial collagen and the muscle fiber envelopes, both of which 
made early contact with the liquid tenderizer. 

Structural changes in cooked beef. \WWhen treated steaks were broiled 
by the standard procedure, the structure was changed to that which is char- 
acteristic of the blocks of frozen-dried steak after 30 minutes immersion in 
the tenderizer (Figure 4). Many celloidin sections of these broiled fresh 
steaks were observed microscopically. It was difficult to distinguish them 
from celloidin sections of small blocks of frozen-dried steaks which had been 
immersed in tenderizer for 30 minutes. Both were characterized by an 
extensive granulation of the endomysial collagen. Higher magnification 
revealed that the sarcolemma and muscle fiber envelopes had been disin- 
tegrated (Figures 5 and 6) indicating that these structures may have been 
a precursor of the granular material. 

This type of granulation is not the same as that which usually results 


from hydrolysis of collagen upon cooking. Figure 3 shows a photomicrograph 


made from a section of a cooked steak. The three arrows point to intact 
collagenous fibers which had not hydrolyzed. Most of the areas shown as 
the perimysial spaces are filled with an amorphous material (grayish in the 
photomicrograph ; staining yellow with Van Gieson’s in the actual prepa- 
ration) which represents hydrolyzed collagen. This material did not have 
the same appearance as the granular material shown in Figures 4, 5, or 6 
which resulted from treatment with tenderizer, either with or without the 


TABLE 5 


The effect of thawing procedure upon the weight changes during cooking of tenderizer 
treated steaks 


Factor measured 
2 hours at 74° I 


Number of steaks : 

Pre-freezing weight (ave. g.) 

Cooking loss—drip (ave. g.) 
evaporation (ave. g.) 

Total loss (ave. g.) 

Cooked weight (ave. g 

yield (ave. % ) 


6 
133.4 
14.0 
20.0 
113.4 
85.0 


416 | 
: 171.4 171.7 
= 6.3 0.0 
11.2 7.6 
19.4 20.8 
3 147.0 143.4 
R58 83.6 
6 12 
123.8 129.2 
3.6 4.3 
17.7 12.9 
ua 21.3 17.2 
= 102.5 112.1 
R28 86.7 
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TABLE 6 


The effect of method of cooking upon weight changes in untreated and 
tenderizer treated steaks 
Treatment 
Cooking method 

Tenderizer A 


sroiling 


no. of steaks 6 3 
raw weight (g.) 137.5 136.4 
tenderizer (g.) 0.0 26 
cooking loss—drip (g.) 5.3 5.0 
evaporation (g.) 15.2 13.3 
cooked weight (g.) 117.0 121.0 
yield (%) 85.1 88.7 

Pan frying 

no. of steaks. 3 6 
raw weight (g.). 164.0 164.0 
tenderizer (g.) 0.0 2.7 
cooked weight (g.) 146.3 146.7 
89.2 89.4 


yield (%) 


the end products resulting from heat and 


addition of heat. This implied that 
The fact that 


from the action of tenderizer were structurally different. 
tissue treated with tenderizer A yielded similar appearing granules whether 
or not followed by cooking, further indicated that the phenomenon of gran- 
ulation was truly the result of the action of tenderizer and was not duplicated 
by heat 

The granulation was largely confined to the endomysial spaces and 
relatively small perimysial spaces. This was confirmed by dissection per- 
formed on the cooked treated steaks. Invariably, the larger perimysial 
strands of connective tissues (seen as definite white threads) which link 
adjacent sizable bundles of muscle fibers, were usually structurally intact, 
and not discernibly different in the control and experimental steaks. There 
was no difference in the amount of force required to pull apart these bundles 
in the two kinds of steaks. 

No apparent effect on the elastic tissue could be observed from either 
celloidin sections or frozen sections except for a decrease in the staining 
capacity of the elastic fibers in cooked tenderizer treated samples. Since it 
is known that cooking does not visibly affect elastic fibers, this decrease may 
reflect either a “preconditioning” effect exerted by the tenderizer on these 
fibers, which would require the additional heat to bring about the decrease 
in staining capacity, or simply the continuing activity of the tenderizer during 
the early part of the cooking process. 

Structure and extensibility of isolated muscle fibers. [here was never 
an instance in which tenderizer A caused a visible change in the nuclei of 
either muscle fibers or free connective tissue cells or in the muscle fiber 
(Figures 4, 5, and 6). 

Comparison of isolated muscle fibers from cooked control (Figure 7) 
and cooked treated samples (Figures 8, 9, and 10) have substantiated the 
fact that besides the endomysial collagen, which makes up the bulk of the 
granulated material, the sarcolemma and muscle fiber envelopes also con- 
tribute their share. Figure 7 shows several empty muscle fiber envelopes 
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and some adjoining connective tissues studded with nuclei and free cells. 
They were typical of blendored cooked beef, such as shown in Figure 2. 
Comparable material from a cooked treated sample is represented in Figure 
9. Note the pattern of disorganization of the muscle fiber envelopes and 
endomysial connective tissue. In a section, this material would not look 
different from the granules shown in either Figure 4 or Figure 6. Figure 
10 portrays the final stage in this process of granulation, and in a section, 
it would look like that shown in Figures 4, 5, or 6. That the sarcolemma 
also participates in the granulation is illustrated in Figure 8, in which spots 
of “eroded” sarcolemma are clearly indicated. 

Muscle fiber extensibility has been shown to bear an inverse relationship 
to tenderness for some samples of meat (6). Since an increase in tenderness 
was shown by the panel scores for the tenderizer treated steaks, much interest 
was attached to whether a difference in the extensibility of the muscle fibers 
might exist between the treated and untreated steaks. Many fibers such as 
those shown in Figures 8, 9, and 10 and those from their respective controls 
were measured. There were no differences in their average (20 determin- 
ations per sample) extensibility readings. Thus, tenderness in the samples 
studied here was not related to muscle fiber extensibility. Since the break- 
down of the endomysial collagen and the disintegration of the sarcolemma 
and muscle fiber envelopes is related to the tenderness increase, it would 
appear that muscle fiber extensibility is a property of the actomyosin complex 
and is unrelated to the sarcolemma and muscle fiber envelopes. 

It was previously shown that papain as an ingredient in a commercial 
meat tenderizer did affect the muscle fibers (7, 8). However, in all the 
results presented here there were no indications of an affect on the muscle 
fibers, judging either from their structure or muscle fiber extensibility value. 
This suggests that either the papain concentration used was below the 
threshold level or that its action was modified by the other ingredients pre- 
sent (i.e., the hydrolyzed vegetable protein and salts). The combined action 
of the hydrolyzed vegetable protein and the salts dissolved in it is apparently 
responsible for the structural changes induced by the liquid tenderizer. 

Effect of procedure variations. During the course of this study a 
number of variations in procedure were tested, e.g., chilling instead of freezing 
the steaks * lowing tenderizer treatment and pan frying instead of broiling 


Figure 2. A row of whole empty muscle fiber envelopes, isolated by blendoring, 
from cooked beef longissimus dorsi previously fixed in Zenker-formol. The material, 
stained with hematoxylin and Pollak’s trichrome, shows the nuclei of connective tissue 
cells and a considerable amount of endomysial collagenous fibers intimately associated 
with the envelopes. * 150. 

Figure 3. Ten-micron celloidin section of cooked longissimus dorsi showing two 
kinds of collagen, the hydrolyzed (gray) and intact (arrows) fibers filling the perimysial 
spaces. 75. 

Figure 4. Longitudinal section of frozen-dried sample of longissimus dorsi steak 
after direct immersion in tenderizer A for 30 minutes. Note extensive granulation 
throughout the interfibral spaces due to (a) degradation of endomysial collagen and 
(b) substantial disintegration of the sarcolemma and muscle fiber envelopes. * 75. 

Figure 5. Celloidin section of cooked tenderizer A treated longissimus dorsi steak 
to show absence of sarcolemma and muscle fiber envelopes in most places and the 
characteristic endomysial granulation. 320. 
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the treated steaks. Histological samples of steaks treated in these contrasting 
ways revealed no significant differences in the structure. Similarly, treated 
steaks thawed at various temperatures and for various lengths of time 
prior to cooking were structurally indistinguishable from one another. 
Steaks aged for varying periods (48-120 hours) before they were treated 
were also histologically similar. All of them were characterized by just one 
outstanding feature, namely, massive endomysial granulation, as described 
above. 

In another experiment, tenderizer A was compared to two other com- 
mercial liquid tenderizers, B and C. Tenderizer C caused a greater increase 
in the diameter of muscle fibers than the other two. Upon carefu lysi 
of the mu Gber diameter in isolated fibers immersed in vary! 
trations of sodit chloride yecame apparent that the 


tende alt concentration, 


SUMMARY 


Ribeve steaks v ade more t er by treatment with liquid prepara- 


tions containing papain, sodium chloride, and hydrolyzed vegetable proteims 
There was -hange in muscle fiber extensibility he sarcolemma and 
l rated an isive granulation of the 


istologic Chan} were apparent 1! 


muscle wer nvelopes were lisintegr: 
} 
I 


nvsial collagen occurred. 

cooked, but n in the raw ste 

tion brought 

meat more 

below 40 ir to MOKINE increas 

trozen steat were alowed ( la etore COORKIT 

resulted in mushiness of U ‘ urtace and a grea 


tenderness. 


Figure 6. Cooked treated muscle tissue showing very extensive granulation in a 
small perimysium with very little intact collagen left. 320. 

Figure 7. Several intact muscle fiber envelopes isolated from cooked, untreated 
longissimus dorsi, comparable to those shown in Figure 2. = 320. Both Figures 2 and 
7 bring out the absence of heat effect on the material. 

Figure 8. A whole muscle fiber surrounded with connective tissue, isolated from 
cooked tenderizer A treated steak. Note areas of damaged sarcolemma marked with 
arrows. The striations were still present, though not apparent in the photograph. 
Thickness of these fiber preparations prevented simultaneous focus on all structures. 
Effect on the connective tissue was indicated by the very light staining with Van 
Giesson’s. * 32 

Figure 9. A whole muscle fiber with attached disorganized muscle fiber envelope 
material isolated from cooked treated steak. » 320. 

Figure 10. Parts of two whole muscle fibers, isolated from the same sample as used 
in the above figure, to show disintegration of the affected muscle fiber envelope into 
a fine granular state. 320. 
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Increased interest has been shown in enzymatic tenderization of beef in 
reports from other laboratories (J, 3.4.5,7,8, 10, 13). Correlations between 
morphological and panel observations of the effect of tenderizing agents have 
been conducted in our laboratories (15, 18, 19). Several new enzyme prepara- 


ising additional histological techniques. 


u 
directed toward these objectives: (a) to 


tions have since been investigated 


This presentation contains findings 


tl 


he action a total of twelve commercially available 


detine end summarize 
enzyme pre arations on the structural components of muscle tissue, and to 
assess the activity of each of these preparations based on the extent of observed 
structural alterations; (b) to present panel data for those enzyme prepara- 
tions that have been actually used for tenderizing freeze-dehydrated beet 
steaks: and (c) to evaluate the relationship of morphological to panel data 
thus obtained. 
MATERIALS AND METHODS 


Frozen-dried voissimus dorsi and semitendinosus steaks (mostly U.S Utility 


grade) were used throughout this study; fresh beef was used only when it was desirable 
to obtain single muscle fiber I in an enzyme s 

Enzyme preparatior ated 3 different origins or sources: (a) from either 
bacteria or fungi, pt yroteolytic, fungal amylase, 


Hydralase D and TP; i 
from panct 
facturer 


chemically assayed units. Concentration yyme p 
l Except in elastic digestion, all experiments 


yy their manu- 


wn activity rating expressed in 


reparation was expressed in per cent 


of the preparation in t 
were Cal 1 out at roor n tures (approximately 21-25° C.) and no attempt was 
made to control tl lution with buffers. In a few experiments, the 
ial pH of aqueous enzyme itions was determined. 


A. Histological 


The procedure of rehydrating trozen | meat in enzyme solutions (16) was used 


as the method for studying enzymatic action on muscle tissue. It has the advantage « 

quick uniform penetration < f the enzyme. The standard re was to rehydra 

strips of frozen-dried steak in an enzyme t . The treated material 
was fixed in 10% neutral formalu elloidin sectioned at 10,4, and triple-stain 


hematoxylin, Van 
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Direct immersion of isolated components in enzyme solutions allowed observation 
of maximal activity. The blendoring technique (17) was used for this purpose. Quantities 
of single muscle fibers were obtained from raw beef (Figure 2). After immersion in 
enzyme solutions, the fibers were washed, formalin-fixed, stained with hematoxylin and 
Van Gieson’s, and mounted in toto. Treated fibers were measured for their muscle fiber 


extensibility (17). 

Collagenous and elastic fibers were isolated for separate study of enzymatic action, 
by dissection. Although perimysial sheets thus obtained contained i 
elastic fibers, each tissue was studied individually in the following manner. The 
sheets were prepared for elastin study by staining with Weigert’s overnig 


both collagenous 


\ dry powder 


in toto. Collagenous fibers in this material were not stained 
h 


nbers, Was 


from beef ligamentum nuchae, ing mainly elasti 
experiments. For collagen study perimysial sheets were 
and all elastic fibers left unstained. Results obtained this way were m 
if a sample had been stained for both types of connective tissue fibers 
not treated with any enzyme, were processed and stained in the same mat 

Enzymatic action on elastin digestion was observed under the compound microscope 
as it actually occurred. A piece of perimysial connective tissue, pre stained with Weigert’s, 
was mounted in a 5.0% ficin or papain solution on a slide, and covered 
Progress of the enzymatic action on the elastic fibers was detectable within 
and reached completion within half an hour. As digestion proceeded 
observe the decrease in the intensity of the stain of the elasti 
mentation of the individual fibers, and finally their complete 
graphs were taken without disturbu e process under 
elastic fibers (ligamentum nucl 
micri ysCOPy. 

The structure of collagen fibers, 
necessary to subject enzyme-treated  tisst simulates 
“pockets” were made with a scalpel in a frozet i steak and 
perimysial sheet inserted in them. The steal as then rehydrated 
in the usual way. After cooking, the pieces were r ered, processed 
technique allowed study of the effect of C1 ’ ncentrati 
elevated temperatures. 


B. Panel analyses 
The enzyme preparations chosen for taste panel study wert 


amylase, both of fungal origin; ficin, papain and bromelin f 

of these enzymes was based upon the specificity and 1 

strated in the histologic studies. The concemtratior 

rehydrating the steaks for panel study were arrived at by 

comparing untreated and enzyme treated steaks. Enzyme 

acceptable tenderness were established for b | 

steaks. The enzyme preparations were di 

solution for the studies made on Jongiss 

always rehydrated in 2% sodium chl : 

from sawing frozen muscles into steaks before drying, were removed 
surfaces prior to rehydration. Steaks were left in the rehydrating solution 
at room temperature, and cooked immediately. Steaks were cooked 
taste panel analyses in the same way as described in a previous paper (19 
water taken up by the steaks during hydration an 
duru cooking were recorded. 


1 
} 


weight loss by eva] 


Adjoining steaks, one enzyme-treated and other not treated 

directly for differences in tenderness. When more than one enzyme was 

or when 2 enzymes were to be compared, const ive steaks within one muscl 

and untreated steaks preceding and following the ed s were analyzed as ¢ 

Each treatment was repeated twice, using similar muscles from 3 animals. Longtssimus 
dorsi steaks were given a single score for tenderness. Semitendinosus steaks were scored 
for both tenderness and the amount of residue remaining after a normal amount of 
chewing. Need for a further breakdown in panel scoring became apparent during tl 


beet by oft! 


preliminary studies. A similar differentiation has been suggested recently by 


rces. Selectior 
tivity demon 
ns used for 
reening tests 
t to produce 
mitendinosus 
lium chloride 
steaks wert 
nts, resulting 
m the steak 
30 minutes 
prepared for 
Amount of 
tion and drip 
i 
| 
: 


425 


STUDIES ON TENDERIZATION OF MEAT. III 


workers (2) who judged tenderness on the basis of softness, friability, and residual 
connective tissue. Adjoining steaks trom semufendinosus muscle do not vary a great deal 
i res given adjoining steaks may be 


in tenderness or amount of residue (¢ Thus, sc 


compared directly 


RESULTS AND DISCUSSION 
A. Histological 
1. Muscle fiber structure. | egradation of the muscle fibers was a common 


7 VIN 


the treatment with most of the pre teolytic et 


property associated with zym 
preparations used in these experiments [he mode of action on isolated fibers 
of Rhozyme P-11, and a commer ial tenderizer containing papain (19), were 
found to represent fairly well the gene ral pattern. 

Phe sarcolemma and the muscle fibet envelope were attacked first and 
disintegrated Next, the nuclei ot the muscle fibers, as well as those of the et 
cells of the endomysia, faded away or completely disappeared The ensuing 
action of the enzymes progressive ly reduced the actomyosin complex to a 
state in which there no longer wert visible cross- 


tivities of the enzyme pre 


onditions 


10) or HT proteolytic ( Figure 11) 
were taken into con- 


and above all, the state 
sideration in this evaluation. veral exceptions to the general 
} 


ef the protein (actomyosin ) 
pattern ot 
action were observed. \Viokase (Figure 8) did not initially affect the sat 


colemma and the muscle fiber em hows an atypical well 
circumscribed oval-shaped area, 1n which the actomyosin was being dissolved 
The remainder of the fiber was typically damaged by amylase 

2. Muscle fiber extensibility. Muscle fiber extensibility has proved to b 


related to tenderness for beef muscle tissu from some groups 01 


inversely 
7 know how enzymatic action alters 


animals (17); therefore, 1t 1s important to 
This effect could not be demonstrated when control raw fibers 


this property 
Control fibers with considerable 


possessed only slight initial extensibility. 
initial extensibility were required, and the range of enzyme activity limited 


in order not to destroy all the extensibility. Significant results were obtained 


by using fibers isolated from cooked longissimus dorsi which had 100% 
initial extensibility (i.e. were extensible to 10 mm. from an initial 


(or more) 
{ 0.15% for one 


5 mm. length), and by employing dilute enzyme solutions © 
minute (Table 1) 

These data proved that enzymatic action reduced muscle fiber extensibility 
a probable correlation between the degree of extensibility 


and also suggested 
A relationship between sarcolemma destruc- 


loss and structural degradation. 
tion (with no loss of extensibility) and 
strated in the studies made with commercial tenderizers 
study of cooked fibers, there was a loss of extensibility as well as destruction 
of the muscle fiber envelope and sarcolemma. It is possible that extensibility 
f only muscle fiber substance condition, not sarcolemma, and 
Phis hypothesis is currently 


an increase in tenderness was demon 
19). In the present 


is a function o 
that this in itself may be related to tenderness. 


J 
of the relative 2 merparations, based on the degree ot 
structural degradation, May ve n this orate ot mecreasing enzyiik 
activity: untreated (Figure 2), bromelin (Figure 3), papain ( Figure 4), 
cf. (10), Hydralase CP (Figure 5), Hydralase D | Figure 6), fungal amylase ag . 
( Figure 7 Ciokase (Figure 8), protease 15 ( Figure 9), and ficin ( Figure gig 
= 
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under investigation. Two previous studies on the elongation of intact, un- 
denatured fibers versus elongation of empty lengths of sarcolemma have been 
reported. Sichel (72) concluded that the property of elongation resides 
principally in the muscle fiber substance. Conversely, Ramsey and Street (11) 
found elongation to be a property of the sarcolemma and remnants of adhering 
connective tissue. 

Detailed structural composition of the sarcolemma and muscle fiber 
envelopes, and their relationship to the specialized protein complex, actomy- 
osin, were recently discussed (/4). Importance of these structural com- 
ponents for tenderness considerations resides in the fact that they are not 
destroyed by either the process of aging or cooking as is clearly illustrated in 


Figures 12, 13, and 14. 


TABLE 1 


Extensibility of cooked single muscle fibers immersed for one minute 
in 0.15% enzyme solutions 


Enzyme Structural 
ners degradation as 
reparations 4 
illustrated 


Control. Fig. 

Bromelin 

Papain........ 

Hydralase TP 

Hydralase D.... 

Fungal amylase 

Viokase. 82 
Protease 15 84 
Ficin.... 10 100 
HT proteolytic 11 100 


3. Collagen. Two criteria were used for studying enzymatic action on 


collagen: (a) staining reaction of collagenous fibers with the acid fuchsin 
of Van Gieson’s; and (b) structural alterations. 

The mode of collagen degradation could be more advantageously studied 
in isolated perimysial sheets than in whole tissue. Figure 15 shows normal 


raw bundles of collagenous fibers, deeply stained with acid fuchsin. The fibers 
appeared dense, wavy and embedded in ground substance. The following 
sequence of changes (Figure 16) was typical of the action of ficin, bromelin, 
or papain: (a) a liberation of the ground substance; (b) a decrease in 
staining capacity; (c) a loss of both staining capacity and fibrillar character ; 
and (d) reduction to an amorphous material. 

Enzyme preparations derived from the tropical plants and pancreas were 
shown to possess collagenase activity. The microbial enzymes used had little 
or no such activity (78). The action of four of the latter enzymes (HT 
proteolytic, Hydralase D, Hydralase TP, and fungal amylase), appeared to 
be localized on the ground substance or matrix (9) without affecting either 
the structure of the fibers or their affinity for acid fuchsin. 

Visible changes may be employed to measure the collagenase activity of 
any enzyme preparation. To illustrate, results of immersing comparable 
samples of perimysial material in 4.0 solutions of the 3 tropical plant 
enzymes are presented in Figures 17 (bromelin), 18 (ficin), and 19 (papain). 


Muscle fiber extensibility 
Length Per Cems 
intial 5 mm loss 
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Note that the fibers treated with bromelin and ficin had almost reached the 


final stage of collagenolysis (i.e., comparable to d, Figure 16), whereas the 
fibers in papain presented a stage intermediate to stages b and c. 


it (Figure 20) and from immersion in 


Collagen degradation by he: 
same (from a structural 


bromelin for 30 minutes ( Figure 21) was roughly the 
standpoint ). 
action and subsequent cooking was noticeably 
‘his can be appreciated by examuning 
In line with this 


Effect of combined enzyme 
greater than that of either alone 
‘igure 22, and comparing it with the two preceding figures. 
observation, collagen degradation seen in celloidin sections of cooked enzyme- 
treated steaks, was consistently more intensive and extensive than in cooked 
untreated steaks. A full description of Figure 22. illustrating this, follows. 
The material shown represents rec vered masses of gelatinized collagen, 
resulting from isolated perimysial strands first immersed in 2.5% bromelin 
for 30 minutes, then implanted into a frozen-dried steak which was rehydrated 
in water and cooked in the usual manner. Degradation procet ded to stage d, 
Figure 16. When collagen fibers from cooked meat (Figure 23) were treated 
with enzyme solution (Figure 24), the degradation was much less (com- 
parable to stage b, Figure 16) 

Necessity for consideration of time and concentration of enzyme applica- 


tion is implied by these observations 


4. Elastin. Elastic fibers are intimately associated with collagen consti- 
tuting a strong fibrous network throughout the muscle. They are present in 
the perimysia of tender muscles su h as longissimus dorsi (Figure 25) and 
in greater numbers, and as larger fibers, in less tender muscles such as 
semitendinosus (Figure 26). These factors, in addition to its resistance to 
hydrolysis by heat, make elastin of importance in the evaluation of enzymes 
as meat tenderizing agents 
Enzymatic action on elastin was more discrete than that described for 
collagen, and was observed easily in fibers pre-stained with Weigert’s. It 
began with a random segmentation of the individual fibers. Very 
appeared as dotted lines Figure 27); larger fibers (Figures 28 and 29) 
appeared as mibbons with clear unstained areas. These clear areas represented 
portions of the fibers that had been chemically altered so that they no ] er 


took the Weigert’s stain. 

th + intil finally the bodv of the fiber a ed completely d grated 
with time until finally the body oO! the hber appeared com pletely disintegrates 
Careful inspection re vealed “ghosts” of the original elastic fi 


fine nbers 


one 
Tit’ 


The extent of this segmentation process incre ased 


( Figure 30) 
(see diagonal lines running from upper right to lower corner). Segmentation 
occurred regardless of whether the fibers were enzyme-treated first then 
restion ( Figure 


t clive 


stained ( Figure 27), stained and subjected to the process 0 
not stained at all (Figure 31). In the latter case, phase contrast 
photomicrography was necessary. The similarity in the morphology of the 


btained in all these different kinds of prepara- 


29), or 


enzyme-attacked elastic fibers 0 
ruled out any possibility that the observed phenomenon might have 


tions, 
Of the 3 plant enzymes, ficin ranked first (Figures 32 and 


been an artifact. 
33), then papain ( Figure 34), and finally bromelin (Figure 
The increased extent of elastin breakdown in Figure 33 over that 
20-minute difference in duration of treatment. 


{ 
35) in elastolytic 


activity. 
shown in Figure 32 was due toa 
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The microbial and fungal enzymes did not exhibit elastase activity. The 
only other preparations found to possess activity were trypsin and Viokase, 
both of pancreatic origin. Mode of attack on the elastic fibers was the same 
for all preparations, and observed differences in the degree of activity probably 


reflect the amount of elastase (&) present in each. 


B. Panel Evaluation. 

The importance of using more than one criterion for expressing tenderness 
is apparent from the data in Table 2. Bromelin, ficin or papain treatment 
resulted in an increase in initial tenderness and a decrease in amount of resi- 
due. Fungal amylase and Rhozyme [-1!1 treatment increased the initial 
tenderness of the meat but had very little effect upon residue except for 
elevated levels of Rhozyme [T-11. The 2 lots of ficin studied were similar 
in their effect upon initial tenderness but ficin B was more active in reducing 
the residue. There was very little difference between the effect of 2 levels 
of ficin (0.0003 and 0.0004 ) upon initial tenderness. The difference in the 
amount of residue was quite pronounced. 

Differences in type of tenderizing action by the enzyme preparations are 
of special interest when related to their action upon the structural components 
of the muscle. The histological studies show the effect of much greater 
concentrations of the enzymes than were optimal for use in the panel studies 
Later histological examination of tissues from the steaks cooked for panel 
evaluation indicated similar changes to a lesser degree. All of the enzymes 
brought about disintegration of the sarcolemma and muscle fiber envelopes 
and an increase in tlie initial impression of tenderness in the steaks. Only 


TABLE 2 


Increase in tenderness and residue scores due to enzyme treatment 
of semitendinosus steaks 
Panel mean score 


Concentration 


Enzyme 


Fungal amylase... 0.000 
0.045 


Rhozyme P-11. 0.000 
0.010 
0.000 
0.015 
0.020 


3romelin.. 0.0000 
0.0003 


Ficin A 0.0000 
0.0003 
0.0004 


Ficin B..... 0.0000 
0.0003 


0.0004 


Papain 0.0000 
0.0003 


1 Increasing tenderness 1-10. Increasing residue 1-10. 


animals Tenderness Residue 
; 3 24 7.4 5.4 
6 46 5.5 5.6 
6 46 6.4 5.4 
3 24 6.1 6.1 
3 24 7.2 5.0 
3 24 7.6 5.3 
3 24 7.6 45 
2 16 6.2 6.1 
2 16 6.9 5.9 
2 16 68 5.0 
3 24 6.5 5.2 
az 3 24 6.8 4.4 
6 46 70 46 
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the plant enzymes—bromelin, ficin, and papain—exhibited collagenous activity 
in the histologic studies and pre duced a decrease in amount of rest ual tissue 
in the panel studies. These results suggest a direct relationship between these 
tissue changes and panel responses. 


Presence of 2% sodium chloride in the rehydrating media provi led an 
appreciable increase in tenderness of the longissimus dorsi steaks ( Figure 1). 
[he steaks, rehydrated in water and 2% sodium chloride, were taken from 
locations 14 inch apart in the rib eye Addition of enzyme increased the 
tenderness scores of steaks rehydrated in either medium. The additive effect 


of salt and enzyme was a soft, ratnet mushv steak, indicating over-tenderiza 
tion and an undesirable product lhe optimal enzyme levels were ditterent 
for steaks from the 2 muscles lhe semitendinosus steaks required a larget 
amount of enzyme lable 2 and Figure 1), even th ugh their greater wate! 
absorption (Table 4) presumably pr duced a higher concentration of enzym 
per steak. 

AMYLASE 0.03% j 
Figure 1. Tenderness scores for YL 4 


steaks rehydrated in water and 2 
sodium chloride solutions, with and ICIN 0,0002% | 


without enzyme added. 
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Enzyme preparations used were not comparable activity-wise on an equal 
weight basis. Hemoglobin and gelatin assay methods of expressing enzyme 


activity may not reflect the meat tenderizing properties 0 the enzy s used 
in this study. Whereas rhozvme and papain were fairly similar in thei 
ability to hydrolyze gelatin | Table 3). about 150 times as 1 wich rhozyme as 

antly the initial tenderness of meat | lable 


papain was ne ded to aftect significant) 
2). Even at this concentration rhozyme produced much less change than did 
papain im the amount of residue remaining after chewing. It is interesting to 
relationship between changes in histological 
structure and panel response to tenderness differences (10). 


observe, in this respect, the close 
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Rhozyme and papain at 4% concentration caused similar structural changes 
in actomyosin. Papain also affected the connective tissues, whereas rhozyme 
did not. The current gelatin and hemoglobin assays do not appear to reflect 
these enzyme properties. 

Data obtained on the amount of water taken up by the steaks during 
rehydration and lost during cooking are summarized in Table 4. The /ongis- 
simus dorsi steaks rehydrated in 2% sodium chloride solution absorbed more 
water during rehydration and lost less on cooking than did those rehydrated 
in water. The semitendinosus steaks represented two dehydration lots. The 


TABLE 3 
Enzyme activity as measured by hemoglobin and gelatin assay’ 


Hemoglobin Assay Gelatin Assay 
=nzyme 
Enzyme Hemoglobin 
units 


Reference 

Standard papain..... 5,300 
Fungal amylase........... 1,900 
Rhozyme P-11 2,900 
3romelin...... 14,800 
Ficin.. 28,500 
Papain 9,800 


ty 


1 These data were provided by Dr. Vincent Bavisotto of Paul-Lewis Laboratories, Inc., Milwaukee 
12, Wisconsin. 


TABLE 4 


Weight changes during hydration in water and 2° sodium chloride 
solution and subsequent cooking 


Average 
stea 
weight 
gS 


hange 


Rehydrating y weigh 


Number 
of 
medium 


steaks 
Longtssimus dorsi 
Dehydration Lot No. 1 
water 
water > enzyme.... 
2% NaCl 
2% NaCl + enzyme 
Semitendinosus 
Dehydration Lot No. 
2% NaCl..... 3. 27 8. 192.8 
2% NaCl + enzyme 82.3 196.9 
Dehydration Lot No. 3 
2% NaCl . 35. 167.0 


100.8 64.2 
981 63.8 
118.4 69.9 
117.8 70.8 


ty 
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steaks in Lot Number 3 were larger in circumference than those in Lot 
Number 2. They picked up less water during rehydration but lost the same 
percentage of the resorbed water during cooking as did the other sem- 
tendinosus steaks and longissimus dorsi steaks. The amount of water present 
in the cooked steaks was a constant percentage of the amount absorbed during 


period. 


‘ 
et. std 
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; 0.6 6,700 5 
H 2.8 18.200 14 
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STUDIES ON TENDERIZATION OF MEAT. III. 


SUMMARY 


A close relationship was demonstrated between enzyme-induced changes 
in tissue structure and panel response to tenderness differences. The ability 
of an enzyme to hydrolyze hemoglobin and gelatin did not reflect its activity 
as a meat tenderizer. A differentiation was made by the panel between initial 


tenderness and residue after chewing. 


a) The initial tenderness was interpreted as being associated with disinte- 
gration of the sarcolemma and muscle fiber envelopes, and with reduced muscle 


fiber extensibility ; 

b) Residue was interpreted as being associated with degradation of col- 
lagen and elastin fibers. Enzymes of plant origin (ficin, papain, and bromelin ) 
affected both of these groups of structures and properties. Microbial and 
fungal enzymes (Rhozyme P-11 and fungal amylase ) affected principally the 
former group. Histological data alone were obtained for other microbial 
enzymes and the pancreatic enzymes Viokase and trypsin. 

Larger quantities of enzyme were needed to produce tenderness in steaks 
from semitendinosus than from longissimus dorsi muscles. In the latter steaks 
the presence of 2% sodium chloride in the rehydrating media produced a 
marked increase in tenderness 


Explanation of Figures 


present structural alterations observed 


Figures 12, 13 


fibers isolated from raw 


ogy ot 


1. HT proteolytic. igur ~ 320 


Figure 12. X-section of 28-day aged longissimus dorsi showing intact 
sarcolemma of autolyzed muscle fibers. 650. 
13. L-section of cooked fresh longisstmus wsi showing intact 
sarcolemma. 1400. 
Figure 14. L-section of cooked 28-day longissimus dorsi showing intact 
sarcolemma. 150. 
Figures 15-24. Enzymatic degradation of collagen in isolated perimysial 


connective tissue 
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Figure 15. Normal bundles of collagenous fibers (raw control), stained 
deep red with Van Gieson’s. 

Figure 16. Collagenous fibers dissected out from cooked semitendin- 
osus steak and immersed in 2.5% papain for 30 minutes. 

Figure 17. Collagenous fibers (raw ) aiter immersion in 5.0% bromelin 
for 2 hours. 

Figure 18. Collagenous fibers (raw) after immersion in 5.0% ficin for 
2 hours. 

Figure 19. Collagenous fibers (raw ) after immersion in 5.0% papain 
for 2 hours. 

Figure 20. Cooked collagenous fibers dissected out from a semitendin- 
osus steak. 

Figure 21. Collagenous fibers from a raw freeze-dehydrated steak after 
it was rehydrated in 2.5% bromelin for 30 minutes 

Figure 22. Hydrolyzed collagen dissected out from the above enzyme- 
treated steak after it was cooked. 

Figure 23. Collagenous fibers dissected out from a co iked semitendin- 
osus steak not treated with enzymes. 

Figure 24. Similar cooked collagenous fibers as in above figure after 
immersion in 2.5% bromelin for 30 minutes. All figures 
x 320. 

Figures 25-31. Enzymatic digestion of elastin. 

Figure 25. Normal perimysial elastic fibers in raw beef Jongissimus 
dorsi. 

Figure 26. Normal perimysial elastic fibers in raw beet semitendinosus. 
x 320. 

Figure 27. Partially digested elastic fibers in isolated perimy sial sheet 
treated with 1.5% Viokase for 16 hours. 320. 

Figure 28. Perimysial sheet treated with 0.05% ficin for 16 hours 
showing an intermediate stage of digestion of elastin on a 
massive scale. 320. 

Figure 29. Perimysial sheet previously stained with Weigert’s after 
4 hours direct immersion in 5.0% ficin, showing typical 
pattern of elastin digestion in situ. O00. 

Figure 30. Perimysial sheet showing completely digested elastic fibers 
after 60 minutes in 1.5% ficin. Note “ghosts” of elastic 
fibers running in the direction of the arrow and lying 
against a background of unstained collagenous fibers. 320. 

Figure 31. Similar material as in Figure 29 except the perimysial sheet 
was unstained and was photographed with phase contrast. 
1250. 


Figures 32-35. Pattern of elastin digestion seen in celloidin sections of 
small samples of freeze-dehydrated semitendinosus steaks rehydrated in 1.5% 
of different enzyme preparations : 


Figure 32. Ficin, 40 minutes. 

Figure 33. Ficin, 60 minutes. 

Figure 34. Papain, 60 minutes. 

Figure 35. Bromelin, 60 minutes. All figures x 320. 
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THE PREPARATION OF LIPASE FROM PEAS AND THE ACTION 
OF STEAPSIN AND PEA LIPASE ON CRUDE PEA LIPID * 


WAGENKNECHT, FRANK A. LEE, anp ROSEMARY J. GRAHAM 
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Lipase is known to be present in a number of seeds. Its presence in castor 
beans was noted some time ago (3). This enzyme has been found only in 


small quantities in Pisum arvense (1). Small amounts of lipase were found 


in germinating peas, but none in resting pea seeds (4). 


Previous work in this laboratory established the fact that crude lipids ex- 
tracted from raw garden peas (Thomas Laxton variety ) which had been held 


in frozen storage a 17.8° C. for 39 days contained much more titratabic 


acid than that extracted from the fresh peas previous to storage (8). This 


suggests that an active lipase is present 


i 


The present report 


covers the preparation of lipase from peas and shows 
that the bulk, if not all of 


this lipase is water-soluble. 


MATERIALS AND METHODS 


Part of the work recorded in this paper was done by employing fresh peas as the 


starting material. However, it was necessary to insure an ¢ supply of raw mate- 
rial for use beyond the normal pea season. It had been demonstrated that peas dried by 
lyophilization in Stokes Freeze Dr Equipment to a moisture content of about 3% held 
their quality in storage at — 17.8° C. for reasonably long periods of time (Table 1). 
Furthermore, it was ascertained that lipase was not inactivated by this treatment 


TABLE 1 

Acid and peroxide numbers of crude lipid extracted from frozen 
raw peas and lyophilized raw peas after storage at — 17.8° C. 

(Thomas Laxton variety) 


After storage 


4.9 


Lipase activity was measured by two methods. The first of these, a modification of 
that used by Martin and Peers (10) for oat lipase, is based on the liberation of fatty acids 


irom olive oil, or from crude lipid extracted from blanched peas, as substrate, in a dough 
of controlled moisture content. The fatty acids are extracted from the dough with ethyl 
ether and titrated with standard alkal The procedure used follows. One-half g n ol 


blanched pea powder was used to form dough. This powder was obtained by ethyl ether ex- 


' App ed b the Director oft the New York State Agncultural Experiment station 
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traction of lyophilized frozen blanched peas, previously ground to 40 mesh. One hundred 
and fifty milligrams of lipid material was added and mixed thoroughly with the pea meal 
in a small Pyrex test tube. Two-tenths ml. of enzyme solution was then added and mixed 
to form a dough. The tube was stoppered and immersed in a constant temperature water 
bath at 37° C. After incubation for 24 hours the mixture was transferred with agitation to 
a 100 ml. centrifuge tube with 35 ml. of ethyl ether. The tube was stoppered with a rub- 
ber cap, and centrifuged at 1600 r.p.m. in an International No. 2 centrifuge for 15 min- 
utes. The supernatant ethereal solution was then decanted into a 100 ml. extraction flask. 
The ether was removed by means of suction and the residual oil was titrated with 0.0354 
N sodium hydroxide (1 ml. = 10 mg. free oleic acid). Since the oil recovery is nearly 
100%, the results can be calculated on the basis of the weight of the olive oil or crude 
lipid originally added. The preparation of this crude lipid was described in a previous 
publication (7). 

The manometric procedure employing tributyrin as substrate as recommended by 
Martin and Peers (10) was also employed in this work. The readings, however, were 
taken at 5-minute intervals for ™% hour and then at 10 minute intervals thereafter during 
al hour run. The tributyrin used was a 2 per cent (w/v) dispersion in 0.0148M NaHCOs. 

The determination of acid and peroxide numbers was described in previous publica- 
tions (5,7). 


EXPERIMENTAL AND RESULTS 


The activity of a commercial lipase preparation (steapsin, Nutritional Biochemicals 
Corp.) was checked in the modified dough method with varying amounts of the enzyme, 
and it was found that increasing quantities of acid were produced with the use of in- 
creasing amounts of enzyme. 

Steapsin activity was determined using crude lipid extracted from blanched peas as 
the substrate in the modified dough method. The extracted pea meal was used as the 
carrier in this experiment. For comparative purposes, olive oil substrate was used in a 
companion series of tubes. The reaction mixtures were incubated as described under 
Materials and Methods. 2 


The results are given in Table 2 


TABLE 2 


Activity of commercial lipase (steapsin) in modified dough 
method using blanched pea lipid substrate 


| Total ac a n 
Condition | Total acid as His Acid number 
of oleic acid | 


Blanched pea lipid | 


plus steapsin 6.71 80.9 


Blanched pea lipid 
plus water (blank) 


Olive oil plus 
steapsin 


Olive oil plus 
water (blank) 


From Table 2 it can be seen that blanched pea lipid can serve as a substrate in the 
dough method as effectively as olive oil. The blank in the case of pea lipid is somewhat 
higher. The acid numbers obtained in the lipase-treated samples approached those 
found in the lipid extracted from frozen raw peas after one year’s storage at —17.8° C. 
This comparison may not be strictly valid because the lipid concentration in the dough 
method is about 30 times that normally present in peas. 

Pea crude lipid contains chlorophyll (6). A conversion of chlorophyll to pheo- 
phytin was observed visually in the doughs and ether extracts obtained from the doughs 
treated with steapsin. These findings of increased acid number and change of chloro- 
phyll to pheophytin are in accord with the observation previously made on lipids ex- 


19.7 
} | 
6.25 78.7 
0.20 26 
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tracted from frozen raw peas following prolonged storage at — 17.8°C. (5,6,7,12). 
To confirm the visual observation of pheophytin formation, the absorption spectrum 
of the extracted pigments was determined, by means of a Beckman DU spectropho- 
tometer, using the method of Mackinney (9). Results are shown in Table 3 and Fig- 


ure 1. 


TABLE 3 
Destruction of chlorophyll by lipase (steapsin) im vitro 


Chlorophyll 


Conditions 


% destroyed 


blanched pea 


lipid plus water 


we 


37.5 mg. blanched pea 


lipid plus steapsin 


2 hlanched 
mg. Dianched pea 


lipid plus steapsin 


CONTROL 
am, 


\ 


LIPASE - TREATEO 


OPTICAL DENSITY 


oso}, 


$60 600 620 640 


WAVE LENGTH, my 


560 


Figure 1. Changes in absorption spectra produced by lipase acting on blanched 
pea lipid. 


Figure 1 shows a marked shift in the absorption peaks in the neighborhood of 620 mu 
and a large increase in the peak at 545 mu in the spectrum of pigments from lipase- 


treated doughs. Both phenomena are characteristic when chlorophyll changes to pheo- 


phytin. This destruction of chlorophyll occurred as a result of lipase action, and was 


not caused by lipoxidase, for the steapsin used was devoid of lipoxidase activity 


A comparison of the dough method with the manometric method for lipase deter- 
mination showed the latter to be less time consuming and more precise, enabling the 
juantities of lipase. One mg. of steapsin acting on 16.5 micromols 


detection of smaller qui 
of tributvrin gave 15.5 micromols of COs, or 94% of the theoretical. On this basis, 
the method seemed applicable to the problem at hand 

Pea lipase. Manometric determinations on fresh peas showed that lipase is present. 
One-half gram of fresh peas gave 20.7 micromols of carbon dioxide when acting on 33.1 


micromols of tributyrin. 
Lipase was extracted from lyophilized peas by the following process. 


i 
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Lyophilized peas were rehydrated in closed vessels at 2° C. over water to a moisture 
content of 11%. They were then ground to pass a 40-mesh screen in a micro Wiley mill, 
and extracted for 6 hours with ethyl ether in Soxhlet extractors. The Soxhlet-extracted 
meal was freed from ether by spreading it in a thin layer on watch glasses at room tem- 
perature in the hood. Twenty grams of meal was sifted into 180 ml. of cold N/40 NHysOH 
(2) contained in a Waring blender cup and agitated carefully to effect thorough wetting 
and distribution. The mixture was allowed to stand in the cold room (2° C.) for ™% hour, 
and was then blended for 2 minutes. It was then poured into a conical glass percolator 
with a glass wool plug in the bottom. The dropwise flow rate was controlled by means 
of a rubber tube and screw clamp. When percolation was nearly complete, a second charge 
of 100 ml. of cold N/40 NH4sOH was added and allowed to percolate through the pea 
meal. These operations were carried out in the cold room at 2° C. The resulting extract 
was centrifuged for 30 minutes at 17000 X g in the Servall vacuum centrifuge. The 
supernatant was dialyzed against cold running tap water at 7° C. to 9° C. for 24 hours. 
The precipitate which formed during dialysis was removed by again centrifuging the 
dialyzed material for 30 minutes at 17000 X g. The final supernatant liquid was then lyo- 
philized, weighed, and stored at — 178°C. The yield was 1.45 g. of lyophilized lipase 
preparation from 20 g. of starting material. 

The lipase activity of all fractions was measured by means of the manometric assay 
method. Data are given in Table 4. 

Precipitates obtained in the two centrifugations mentioned last contained negligible 
amounts of lipase activity, and were discarded. The bulk of the lipase, if not all, ap- 
pears to be in the soluble form. Another preparation was made as just described, except 
that after dialysis the precipitate formed during dialysis was removed by centrifuging at 


100,000 X g. at 0° C. ina Spinco preparative ultracentrifuge. Results are shown in Table 5. 

Data presented by Bamann, Ullman and Tietz (2) on soluble lipase preparations from 
seeds of Nigella sativa, Helleborus niger, and certain other plants was obtained by centri- 
fuging at 4,000 r.p.m. for 20 mi:mutes 

Present data on pea lipase resulted from centrifuging the preparation for one hour 
at 100,000 x g, and yielded clear supernates. This definitely established the fact that 
soluble lipase capable of hydrolyzing tributyrin is present in peas 

Little activity was found in the precipitates obtained by centrifugation at 100,000 x g. 

The activity of the lyophilized pea lipase preparations was compared to those of com- 
mercial lipase (steapsin) using the manometric assay method with tributyrin as substrate 
On a dry weight basis, the steapsin was 400 times as active as the lipase prepared from 
peas. Fresh peas gave 0.022 micromols of carbon dioxide per milligram of material. Pea 
lipase gave 0.65 micromols per milligram. This shows a concentration of lipase activity 
against tributyrin of approximately 29 times based on the fresh weight of peas 

When tested in the Warburg apparatus, pea lipase was shown to hydrolyze 2% tribu- 
tyrin, but not olive oil or crude pea lipid. 

An experiment was set up in which a slurry of blanched peas was used in place of the 
olive oil or crude pea lipid as substrate. Since the blanched peas contain the natural sub- 
strates for pea lipase but no active enzymes, activity should be obtained on the addition of 
the pea lipase, under suitable experimental conditions. Prepared pea lipase and steapsin 
were tested separately in this manner. 

Steapsin, 1 mg., gave 5.5 micromols of carbon dioxide. Pea lipase, 15 mg., gave 0.03 
micromols of carbon dioxide under the same conditions. These figures are net values; the 
controls having been subtracted. It appears, therefore, that the steapsin is 183 times as 
active as the prepared pea lipase when acting on the lipid matter in peas. 


DISCUSSION 


Large increases in titratable acidity in lipids extracted from frozen raw 
peas following prolonged storage may best be explained as having resulted 
from the action of lipase. That lipase can function at low temperatures has 
been known for some time (12). Addition of pancreatic lipase to macerates 
of enzymatically inert blanched peas resulted in the production of large 
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TABLE 5 
Effect of centrifugation on activity of pea lipase 


Centrifugation of extract Substrate 
} 
17,000 X g Tributyrin 11.9 
17,000 X g Blanched pea slurry 2.9 
100,000 X ¢ Tributyrin 8.3 


100,000 x Blanched pea slurry 0.5 


1 30 mg. of lyophilized pea lipase preparation per flask 


quantities of acid after 17 months of storage at —17.8° C. (11). The onset 
of off-flavor during frozen storage of raw peas closely paralleled the increase 
in acid number of the crude pea lipids (8). It has recently been proposed that 
lipase may function as an adjunct to lipoxidase in off-flavor development in 
frozen raw vegetables through a labilization of fatty acid substrates (//). 

Data obtained indicate that lipase prepared from peas is active mainly in 
splitting tributyrin but also showed slight action in splitting the lipid in peas. 
This was found to be true whether the enzyme was extracted from fresh peas, 
or from fresh peas which had been dried by lyophilization, and stored at 
— 17.8° C. until used. This latter was found to be satisfactory as a means of 
storing the vegetables for use in the preparation of enzymes over extended 
periods of time. 

The method used for the extraction of lipase from peas involved the use 
of N/40 NH,OH as the solvent. This was recommended by Bamann, Ull- 
man, and Tietz (2), who also employed water and aqueous glycerol as sol- 
vents for plant lipase. In the present study it was found that the weak am- 
monium hydroxide was the most satisfactory of the solvents recommended. 

In the preparation of this enzyme, the centrifugation at 100,000 x g 
seems to permit the conclusion that the bulk if not all of the lipase of peas is 
soluble. 

Ammonium sulfate fractionation was found to be unsatisfactory as a 
method of concentration because of the large losses of enzyme in the process. 
Likewise, fractionation with cold acetone was found to result in losses too 
large for practicability. 

The pea lipase preparation appears to be reasonably stable in the dry form 
at — 17.8° C. 


SUMMARY 


A study has been made of the action of steapsin and pea lipase on 
crude pea lipid. A lipase (steapsin) was shown to be effective in changing 
chlorophyll to pheophytin. Manometric techniques showed that steapsin was 
183 times the strength of prepared pea lipase based on activity on pea lipid, 
and 400 times the strength of prepared pea lipase based on activity on tribu- 
tyrin. Pea lipase was concentrated 29-fold compared with the activity of fresh 
peas. Ammonium sulfate and cold acetone were unsatisfactory as a means of 
concentration of pea lipase. Much of the lipase of peas is soluble in water. 
The pea lipase was shown to have slight activity on blanched pea slurry, using 
the manometric technique. 
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Honeys are considered adulterated in Europe if they do not meet the 
requirements of the continental honey regulations regarding diastase activity 
and hydroxy-methyl-furfural (HMF>) content. A very low diastase activity 
lly indicates that the honey has been subjected to unfavorable temper- 
since diastase activity of natural honey is rapidly re- 
8) or stored at unfavorable tempera- 
of HMF has been 


Gothe’s suggestion 


allege: 
ature conditions (6), 
duced when honey is heated (1, 2, 6, 7,: 
tures. Similarly, the presence of an appreciable amount 
interpreted as evidence of alteration of honey by heat. 
that the Fiehe test for HMF should be used in conjunction w ith the diastase 
a honey of low diastase has evidently become a rule in the 


assay in judging 
control laboratories of Germany (#4). 

According to the German honey regulations, any alteration or change 
ition of natural honey is to be considered an adulteration. Heat- 


in the compos 
certain dietetic 


ing honey to a very high temperature is believed to destroy 
values of honey (7). Natural honey has been shown to have a certain bacteri- 
cidal substance, often called inhibine, which is heat labile (3,9, 10,11). Hon- 
eys, therefore, may show less bactericidal action after being heated. At pres- 
“inhibine” of honey to heat seems to be a major 


ent, the sensitivity of the 
of heated 


reason, although still not the only reason, for the unacceptability 
honeys in Germany. 

Many tests have been devised to determine the extent of the heat treat- 
ment used in preparing honey for trade and customer acceptance (3,5, 6,8, 
13). The diastase test and the HMF test are simpler, more rapid, and less 
expensive to make than the biological analysis for bactericidal quality. How- 
ever, because of the large variation in diastase activity among honeys as well 
as the lack of a simple, objective method of assaying diastatic activity pre- 
cisely, numerous doubts have arisen from time to time concerning the validity 
of the regulations of the German Food Control in regard to the exact amount 
of diastase that must be present for a honey to be considered unheated (7) 
Similarly the qualitative test (Fiehe test ) used to detect HMF in honey is of 
doubtful usefulness, because the results are subject to the discretion and/or 
experience of the analyst. 

The present work involves the development of more precise and repro- 
activity and HMF., together with a 


ducible methods of measuring diastase 
1 the effect 


study of the natural occurrence of these substances in honeys ane 
of heat on them. 
"Merck & Co., Rahway, New Jersey 
» Department of Food Technology, University 
Department of Entomology, University of Calif 
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EXPERIMENTAL PROCEDU RES 


Samples. Samples of honeys were 1! 


and buyers in California An attempt was 
the 


origin. Some samples were received in 


without heat; and still others were obtaine 
roducers in Cali i 


Heat treatments. Certain samples 


p 
for specific periods. 1 hese samples, in 


5 nute interval in an 0 


ture ove! 15 

later work a water-bath was usec) and hel 
specified time intervals. Heat treatment 
air to room temperature 


Analytical procedures 


ected over a period of 2 years 


made to secure unheated samples of known 
mb: others had been drained from the comb 


from producers 


1 by procedures normally used for extraction by 


mey were exposed to elevated temperatures 
m screw-cap vials were brought to temper- 
ven controlled at the de sired temperature (in 


in incubator rooms or the water-bath for the 


was stopped by allowing the samples to cool in 


mmylase) activity: A method of determining 


(a) Determination of dtastase 
diastase activity in honey was devel i by modifying the method used by Schwimmer 12 
for measuring alj activ of barley malt. The modified method employs a 
photoelectric color isure the time required for a specified amount of honey to 
decompose a specifi t of starch to a prescribed endpoint. Under stat dard condi- 
tions the time to re endpoint is inversely pre portional to the enzyme concentration 
(cee Fig. 1). Although the basic prince ple of such a method is well established for de- 


termining alpha-amylase a 


endpoint, so that the resu 


not preci 
For the purpose o! comparison a mo 

measure the diastase activity of several 

method. The modified method « f 

Leiter des Instituts fur Honigforschung at 


that used by Kiermeier and Koberlein (7). 


Reagents 


(a) Stock 


distilled w: 


stoppered, pottle 
(hb) Dilute todme soiution 


in distilled water and lilute to 500 ml 


tectate buffer. pH 5.3, 159 M Dissol 


Starch solution Weigh accurate 


(« 
grade, improved Lintner method) into 
water and mix | 
sion over a Fischer burner ; then boil 
the solution to a 100 ml. glass-sto} 
to room temperature. Dilute to volur 
2 days 

(e) Sodium chloride. 0.5 M. solution 


tively 
NaCl solution. The NaCl must not 
since diastase activity 1s rapidly lost a 


NaCl 


Gothe employed was obtained from Dr 


s solution is sufficie 


water and dilu 


nrately 2.000 g. of sol 
by swirling. Bring the mixture toa boil rapidly by swirling t 
t 


ppered volumetric flask and cool under tap wat 


methods involved visual determination of the 


se nor easily reproduced 


fication of the method of Gothe was used to 


honeys assayed with the previous photoelectric 


H. Duisberg, 
Bremen, Germany ; the method is similar to 


) g. of resublimed iodine in 30 to 40 ml. of a 
dilute the resulting solution to 500 ml. with 
ntly stable for 1 year when stored in a glass- 


0.0007 N. Dissolve 20 g. of KI and 2 mi. of the stock solution 


Prepare a fresh solution every few days 


43.5 g. of CHg COO Na* 3H20 and 4.5 ml 


ve 


te to 250 ml 


250 ml. Erlenmeyer flask. Ad 
i! 


y transfer 


itly for 3 n 


it get 


ne and mix thoroughly Prepare fresh every 


f honey into a small beaker. Dis 


id 5 ml. of acetate buffer. Transiet 
c flask containing 3 ml. « 05 M- 
ided before the honey is dissolve 


H values below 3.9 or 4.0 in the presence « 


) 


1 in buffer, 


+. 4 
> ; Ls 
> 
JC 
/ 
solution of iodine. Dissolve 11. 
colution containing 22.0 g. of KI a1 
90 ml. of 
suspen- 3 : 
Preparation of sample 
1% honey solution. Weigh iceurately 10,04 
mple in small amount W 
— 
it 
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Apparatus 

(a) Reaction vessel. A special glass reaction vessel should be used to enable rapid mixing 
of the honey and starch solutions. This vessel consists of a glass-stopped tube with a 
side arm. It can be made from 17 mm. tubing with a 19/22 T joint and a 19 T solid 
stopper. With the tube in a vertical position the main compartment should hold about 
13 ml. and the side compartment about 6 ml. 
Water bath. A thermostatically controlled water bath capable of maintaining a tem- 
perature of 40.0° C. + 0.2°C. 
Photoelectric colorimeter. A Klett-Summerson photoelectric colorimeter, model no. 
900-3, (Klett Manufacturing Co., 181 E. 87th Street, New York, N. Y., USA.) 
equipped with a No. 66 filter, or a similar instrument. 


Determination 

Standardization of reaction mixture. The dilution necessary to bring the zero-time 
sample within the range measurable with the colorimeter must be determined in advance. 
It is a constant value for a given starch. 

Mix 5 ml. starch solution with 10 ml. distilled water. Take 0.5 ml. of this starch 
solution and add it to 5 ml. of the dilute iodine solution. Determine the amount of dis- 
tilled water required to bring the color intensity of the mixture within a Klett reading of 
850-900 or a transmittance of 1.7-1.8. 

Digestion and color measurement procedures. Pipette 10 ml. of the 20% honey solu- 
tion into the main compartment of the reaction vessel, and 5 ml. of starch solution into the 
side arm. Place the reaction vessel into the 40° C. water bath. Avoid any premature mix- 
ing of the reactants during these steps. 

Allow 15 minutes for the contents of the flasks to warm up to bath temperature, then 
start the digestion by tipping the reaction vessels to cause the contents of the side arm to 
mix with the honey solution. Tip the reaction vessel 4-5 times to insure a thorough mix- 
ing, but do not remove from the water bath during this step. Note the time of mixing. 

Periodically remove 0.5 ml. of the digestion mixture and quickly add it to 5 ml. of the 
iodine solution. Note each time of sampling. It is assumed that hydrolysis stops on con- 
tact with the iodine. A cotton-stoppered pipette will allow rapid removal and delivery of 
the 0.5 ml. sample. . 

Add amount of distilled water found to be required for standardizing the reaction 
mixture, and immediately determine relative color intensity of sample with the colorimeter. 
Use distilled water as a blank to zero the instrument. 

The color contributed by the iodine and the honey used can be determined readily but 
is negligible because of the dilute solution used, e.g., 1 to 2 Klett units. It is permissible 
to apply this correction factor to all the readings or to omit the correction altogether. 


Expression of activity. Convert colorimeter readings to transmittance values if the 
instrument is not scaled in these units. Then plot the transmittance values against time as 
the abscissa. This results in a sigmoid curve which is essentially straight-line in the range 
35 to 70% transmittance. From the plot, determine time required for the reaction mixture 
to yield a 50% transmittznce value. Only 3 to 4 points within the range 35 to 70% trans- 


mittance need to be plotted to accurately fix this time 
The unit of diastase activity established for the method is that amount of enzyme 
which will convert 0.01 g. of starch to the prescribed endpoint in 1 hour under the test 
conditions. Results are expressed in units per gram of honey 
Since in the reaction mixture 0.1 g. of starch is converted by 2.0 g. of honey, the units 
per gram of honey equals 300 divided by the number of minutes (t) required to reach the 
60 0.10 1.0 300 


50% transmittance value, or units per gram = — X —— X —— = —— 
t 0.01 2.0 t 


(b) Determination of HMF: A qualitative test for the presence of HMF was made 
in a manner similar to that used by Fiehe (5). The extraction of HMF with ether was 
standardized in a manner described by Dr. H. Duisberg, who personally illustrated the test 
to the authors. 

The first approach used to determine the HMF concentration in honey was by estima- 
tion from the U. V. spectral absorption curves of dilute solutions of honey. Although 
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reasonably reliable results could be obtained it s emed desirable to separate the HMF from 
other substances in the honey that absorb in the region of 270 mz, 
trate the HMF in respect to er extraction. A uniform procedure for 
extraction was employed that i f the results. The ether 
extract was allowed to evaporate to dryness ¢ ! idue was mixed 
with water. A Beckman DR Monoc! \ blish the \ 


or at least to concen- 


permitted 
absor}] 
curves 


This spectrophotometric pr 


lily useful for studying chi 
tes of the HMF content c uld not be 


sto 


1 


occur in honey « 9 
ed t ether extr 


i the int teri ubst es als prov 
major portion of the present 
determinat of HMF in honey 


since on 


» work of Winkler 


completed. His procedure tor tometric 
only tested im c I tl roposed below and not used rout nely 


study. 
A modification of the Fiehe t was devised that uses a pl I ic colorimeter to 
he Fiehe reaction hat the 


the color I 
the HMF concentrations 


measure objectively ! 
is proportion 


intensity of the 


Reagents and Apparatus 


Kesorcm Dissol 


1.1 
(b) Alcohol. 959% ethanol 


Ether. (CeHs) 29, anhydrot 


(a) 


(d) ¢ ’ ‘er. Klett-Su 900-3, fitted with 


No. 54 green filter, or 


| 
li 


Preparation of Standard Curve 


1 aqueous solutions 


green 


Determination 
) Extra 
diam. ; 


add 5 n yf distilled water neys cont 1 
positive Fiehe rez 1 about 80-85% HMF is extracted 


} 


l filter the 
tman N<¢ paper (9.0 cm.) to insoluble 


resulting solution throug ‘ 
Collect filtrate ossil , Since there 1s just enough me HMF 


the residue ot the distilled water using a stirrins 


Dstances 
determination. 
rtract. Usi 1 § the aqueous solution of the 


(b) Measurement of HMF m extra 
follow in detail the procedure described for preparation of the stan lard curve 


extract 
4 Haworth, W. N. and Jones, J.K.N J. Chem. Soc., 667 (1944) 
*Wolfrom, M. L., Schuetz, R. D.. and Cavalieri, L. F. J Am. Chem. Soc. 70, 514 


(1948). 


— 
that 
made, 
was 
n this 
resublimed resorcinol in 50 ml. HCI (sp. gt 
ve 0.50 ¢ ed resorcit p. g 
= 
Standard are prepared with hycroxmethy/turfurat (HMF) obtained 
according to the met f Haworth and Jones The concentration of HMF in the ee oe. 
standard tions should be checked spectro] ) < cal iv extinction 
coefficient of pure HMF at 285 mz ts 16,500 The standard solutions should be in th ay 
range of 0 to 50 mg/liter, since higher concentrations are not usually 1 und in honeys es 
unless they have been severely heated bio 
To 3 ml. of each standard solutior add 3 ml. of ethanol and mix. Then a ld 3 ml. of tee. 
m in t 
the resorcinol solution and mix thoroughly by shaking \ the mixture to stand at “See 
room temperature for exactly 30 minutes after the addition of resorcinol ; then determine — 
oh lor intensity against distille ite sith the colorimeter fitted with a N — we 
filter. (The color complex shows maximum absorption at 4 mu.) Plot the Klett Mill- a 
ings against the ncentrations of the standard solutions (ug HMF/ml.). Beer's Law 1s 
obeyed t concentration of at least 175 wg. HMF/ml > = 
tion of sam} Weigh accurately 5.00 g. of honey into a mortar (approx. ea 
ors, U.S.A., No. 520-2 Using a pestle, grind the ney for 2 minutes + ahaa Ma 
with 10 ml. of ether; decant the ether extract into a small evaporating isl Rep the fee 
extraction twice in the very 5 me manner and ¢ lect the extracts in the same s Allow ae es ef 
tl bined tracts to evaporate to dryness at room temperature and then promptly eae & 
HMF to give a weakly eh 
— 
a 
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»f honey in final 


Tube No. honey solution sterile water 
ar medium (w/w) 


(Plate No.) fey 


Volume of Volume of | Ca. percentage 
| ag 


10 


| 
| 


Estimate the HMF concentration in the extract from the standard curve. Since the 
residue from 5 g. of honey is dissolved in 5 ml. of water, the ug of HMF per gram of 
honey is read directly from the curve. 

(c) Determination of “inhibine value”: The inhibiting property of honey toward 
bacterial growth was estimated with a modification of the method proposed by Dold and 
Witzenhausen ‘. In the modified method a series of 5 plates of nutrient agar is prepared 
with increasing amounts of honey ranging from ca. 4.5 to 21.3%. The higher concentra- 
tions, 25-26%, used by Dold and Witzenhausen were not used because the inhibition by 
“inhibine” could not be distinguished easily from that of sugar at high concentration. A 
system of relating the tube and plate number to the inhibine value was also devised which 
simplifies record keeping and recording of results 


Procedure 

Double strength nutrient agar medium (Difco) is prepared and dissolved in water by 
heating. Cool to 60-65° C. and pipette 15 ml. portions into screw-cap test tubes. Autoclave 
the tubes for 15 minutes at 15 pounds pressure. 

Carefully weigh out 25 g. of honey into a sterile wide-mouth jar of at least 125 ml 
capacity. Add 25 ml. of sterile water and dissolve the honey rapidly at room temperature 
with shaking. Five dilutions of this sample are prepared by pipetting the volumes of honey 
solution and sterile water, shown in the table below, into sterile test tubes 

Liquefy the tubes of agar in a water bath and allow them to cool to 50° C. Warm 
the tubes of diluted honey solutions for 1-2 minutes in a water bath controlled never to 
exceed 40° C. Carefully add the entire contents of a tube of honey solution to a tube 
containing the sterile agar. Mix the agar and honey solution thoroughly by pouring back 
and forth between the tubes 7-8 times. Then pour two petri plates immediately (12 
ml./plate). 

Inoculate each plate with 0.1 ml. of a sterile-water suspension of S. aureus prepared 
from a 20-30 hour culture grown on a nutrient agar slant at room temperature. (Strain 
No. 170 of the Department of Food Technology collection was used). Place the inoculum 
at the center of the plate and spread with a glass rake. The growth is observed and 
recorded after incubation for 20-24 hours at 20° C 

The inhibine value is determined from the plate of lowest honey concentration that 
shows inhibition of growth of the test organism. The inhibine value is arbitrarily assigned 
the number of the plate showing such inhibition, since the plates are numbered inversely 
to the concentration of honey present. If instead of complete inhibition a plate shows 
sparse growth or only a trace of growth (+), the inhibine value is estimated to be some 
fraction less than that of the plate showing such poor growth. 


RESULTS AND DISCUSSION 


Five samples of comb honey from several floral sources and 7 samples of 
commercially extracted honeys from similar floral sources were examined for 
diastase activity with both of the methods described above. As shown in 
Table 1, the activities obtained by the two methods agreed remarkably well, 
especially in view of the notable differences that exist between the methods. 
The photoelectric method is obviously preferable on the basis of objectivity, 
reproducibility, and precision; it was used for all following experiments. 


‘ Information concerning this method was provided by Dr. H. Duisberg. 
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TABLE 1 
Comparison of new photometric method with a modified Gothe method 


Diastase activity 


No | Type of honey 
Photometric method Gothe method 
l Alfalfa, extr. 12.0 | 14 
2 Cotton, extr. 24.6 24 
3 | Mesquite, extr. 11.3 | 1] 
4 Buckwheat, extr. a — 
5 Orange, extr 5.8 


Alfalfa, 


ange 


This method also involves less glassware and often less time, since a single 


dilution of honey is used per assay rather than a series of several dilutions. 


\ marked advantage of this method is that a precise measurement of the 


diastase activity is obtained by a single assay, whereas methods employing a 


series of dilutions of honey often require a preliminary assay to determine 


the proper range of dilutions for an accurate estimate. 


As can be noted in Figure 1, the concentration of sugars in the assay 


mixture seems to influence the diastase activity somewhat; therefore, theo- 


retically at least, it is preferable to conduct such assays under a condition 


of nearly constant sugar concentration, so that this effect can be disregarded. 


This condition is not obtatned in methods like that of Gothe. 


The same samples were examined for HMF using the Fiehe Test and the 
U.V. absorption of aqueous solutions of the honeys and of aqueous solu- 


tions of the residue of ether extracts of the honeys. Absorption spectra of 
aqueous solutions of honeys were of little value for measuring small amounts 
of HMF because of the presence of variable amounts of interfering sub- 
stances that mask the spectrum of low concentrations of HMF. On the other 
vielded absorption spectra that corre- 


hand, the ether extraction procedure 


TABLE 2 
Comparison of the Fiehe reaction and U.V. absorbance of the ether extract 


Maximum abs rbance | HMF (; 


0.300 


0.570 


0.246 
6 + - 0.140 5.3 
0.075 


0.030 


c 
6 Sag xt 14.8 >14 
7 ME comb 99 £9 
8 Comb 40 > 2.5 
9 Buckwheat, comb 20.0 >>18 > 
10 Alfalfa, comb 22.4 23 ee 
11 Alfalfa, comb 23.1 18 
12 Mixed, ext: 5.0 
| 
2° 
] + 13.8 
0.440 
12 +++ 0.730 27.9 me (ot 
| 
x 
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ACTIVITY- RECIPROCAL MINUTES x 10* 


50 75 
RELATIVE ENZYME CONCENTRATION 


Diastase from honey prepared by ethanol precipitation 


Honey solutions diluted to lower concentrations with inactive honey 
Honey solutions diluted to lower concentrations with water after adding NaCl t 
a uniform concentration o 


Figure 1. Check on the validity of the modified method as an assay of diastase 
activity of honey. 


lated fairly well with the Fiehe reaction of these samples; c.f., Table 2. How- 
ever, in some cases the extraction procedure still resulted in solutions con- 
taining sufficient amounts of interfering substances to mask the presence of 
low concentrations of HMF. 

Samples giving positive Fiehe reactions were always among those honeys 
giving spectra with maximum absorption at 282-4 mp and minimum absorp- 
tion at or near 245 mg, which is similar to the spectrum of HMI. As shown 
in Table 2, optical densities of the maxima at 28} mp of such samples showed 
good correlation with the intensity of the Fiehe reaction. The approximate 
concentrations of HMF in the samples were calculated using the molecular 
extinction coefficient for solutions of pure HMF, E = 16,500. The estima- 
tion of HMF in sample number 1 indicates that a honey containing approxi 
mately 13.8 micrograms of HMF per gram will give a positive Fiehe reaction. 

Samples were stored in closed jars in a constant temperature room at 
20° C. for 13 to 15 months and then examined again for diastase and HMF 
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TABLE 3 


Comparison of diastase and HMF before and after 
storage for 13 to 15 months at 20° C. 


Diastase Change in HMF 
Reps Fiehe reaction Estimated m the 


1 
| 
+. 


x 


9 
10 


The diastase activities and Fiehe reactions of several samples before and 
after storage are compared in Table 3. After storage at 20° C. for 15 months, 
the diastase activity had decreased slightly, but not significantly in most 
cases. On the other hand, the HMF had increased sufficiently during stor- 
age to cause significant changes in the Fiehe reaction as well as in the U.V. 
absorption of the ether extractable material ; c.f., Figure 2. An estimation of 
the increase in concentration of HMF was made from the change in absorp- 
tion spectra of those samples showing maximum absorption near 284 my 
before and after storage. The results are included in Table 3; it should be 
noted that the greatest increase in HMF was found in sample number 1, 
which was quite positive in HMF before storage. 

In addition to the natural variation of diastatic activity in fresh honeys, 
Kiermeier and Koberlein (7) reported a variation in sensitivity of diastase 
to heat among honeys and concluded that the latter variation is due to the 
natural differences in pH among honeys. The present work is in agreement 


with their findings. 

Data obtained for the heat inactivation of diastase in various honeys il- 
lustrates the precision of the method developed to measure the diastatic ac- 
tivity of honey; c.f., Figures 3 and 4. As was to be expected first order 
kinetics were observed for the inactivation in every case. The alfalfa honey 
(M in Figure 4) was also heated at several other temperatures to study the 
effect of temperature on the rate of inactivation of diastase; c.f., Figure 5. 
From the slopes obtained in Figure 5 an Arrhenius-type plot was made to 
relate the rate of inactivation to the temperature; c.f., Figure 6. The 
actual rate constants (k) for the inactivation of diastase are not obtained 


from the slopes in Figures 3, 4 and 5, since enzyme activity is used instead 


of enzyme concentration. Instead, the slope of each line in these plots when 


multiplied by 2.3 gives an “apparent rate constant” for inactivation that is 
equal to the actual rate constant, k, multiplied by a constant quantity, K, that 


may be defined as a proportionality factor relating enzyme activity to enzyme 


concentration. Hence, a plot of the “apparent rate constants”, kK, against 
the reciprocal of the absolute temperatures results in an Arrhenius-type plot 
that enables one to estimate the rate of inactivation at intermediate tempera- 


tures. Such data collected for many honeys could prove of tremendous value 


in studying the factors affecting the rate of loss of diastase in different honeys 


. 
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LOG. OPTICAL DENSITY 


220 


Figure 2. Changes in the absorption spectra of other extractable material during 
storage at 20° C. for 15 months. 


The following analysis is an example of the application of the information 
obtained from the Arrhenius-type plot. The “apparent rate constants”. kk, 
for the inactivation of diastase at 71° C. and 65° C. were calculated from the 
curves in Figures 3 and 4 were plotted against pH to determine the effect 
of pH on inactivation; c.f., Figure 7. The “apparent rate constant” for the in- 
activation of diastase in honey M at 65° C. was calculated from the Arrheni- 
us-type plot in Figure 6, because this honey was not heated at 65° C. The cal- 
culated kK, as shown by the double circle in | 7, falls within the range 
of values obtained for honeys of similar pH. | 
the increase in rate of inactivation with increase in temperature from 65 
to rt he C. iS greater for honeys of low pH than for those of high pl 1. Thus, 
the data seem to substantiate the hypothesis that sensitivity of diastase to heat 


‘ou 
gure 7 


further illustrates that 


varies among honeys because of differences in their pH. 
The photoelectric colorimetric measurement of HMF was devised t 
\lthough the undesirable 


overcome the subjectiveress of the old Fiehe test. 
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extraction with ether is still involved in this method, the measurement of the 
intensity of the Fiehe reaction with the colorimeter allows a quantitative esti- 
mation of the HMF present in the extract. 
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EUCALYPTUS, pH 4.0 
ALFALFA, pH 4.) a 
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| | 
8 
HOURS AT 65°C 
Figure 3. Inactivation of diastase in honeys stored at 65° C. 
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Figure 4. Inactivation of diastase in honey stored at 71° C. 
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LOG. DIASTASE ACTIVITY 


2 4 6 
HOURS OF HEATING 


Figure 5. The effect of temperature on the loss of diastase activity in an alfalfa 
honey (pH 3.5; 14.5% moisture). 


An example of the application of both the photoelectric colorimetric meth- 
od for diastase and that for HMF is shown in Figure 8, which illustrates 
clearly the effect of heat on diastase and H MF in a given alfalfa honey. The 
results show that this honey became very low in diastase activity before it 
contained sufficient HMF to give a “positive Fiehe reaction” with the quali- 
tative test, which detects HMF only in concentrations above 7-9 pg/g. as de- 
termined with the “quantitative test”. Figure 8 also shows that the rate of 
forming HMF increases as the HMF content increases. It should be noted 
that the change in rate is even greater than that shown here, the efficiency 
of the extraction procedure decreases as the HMF content increases. 

Moisture content is one of the factors that influences the rate of HMF 
formation. To study the effect of moisture content, samples of a single white 
alfalfa honey (approximately 12.5% moisture) were diluted with increasing 
amounts of distilled water to moisture contents ranging up to 17.2%. These 
samples were then heated at 55° C. for 1, 2, and 6 days. The moisture con 
tents were determined with an Abbe refractometer and a Chataway table 
before and after the heat treatments. As usual 5.00 g. of the samples were 
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Figure 6. An Arrhenius-type plot relating rate of inactivation of diastase with 
temperature for the data shown in Figure S. 
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Figure 7. The relationship of the pH of honey to the rate of inactivation of 
diastase in honeys heated at 65° and 71° C. 
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extracted with ether for the analysis. 
culated from the assay for the weight of the original honey represented in 
5.00 g. of the adjusted samples. The amount of HMF formed in 6 days at 
55° C. increased notably with increase in moisture; c.f., Figure 9. 
ference was much less marked in the less severely heated samples. 
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Figure 8. The effect of heat on diastase and HMF concentrations in an alfalfa 
honey (pH 3.7; 16% moisture). 
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Figure 9. The effect of moisture content on the rate of HMF formation in an 
alfalfa honey heated at 55° C. 
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riment a second sample of white alfalfa honey was used 

contents from 11.4% to 20.7%. These 

samples were heated for 6 days at 55° C., stored for 3 weeks at room tem- 

1 for HMF. For this experiment the amount of 

proportional to the moisture content and 


In another expe 
to prepare a series ranging in moisture 


perature, and then assaye 
each sample used for the assay was 
was equivalent to 5.00 g. of the original honey. 

tions of each sample with 10 ml. aliquots of ether, 
made with 5 ml. aliquots of ether to obtain more complete and uniform ex 


traction: thus, the total time of extraction was 14 minutes. For better and 


Besides the usual 3 extrac- 


four more extractions were 


easier extraction the samples of low moisture content were adjusted to about 
f distilled water to the 


17-18% moisture by addition of proper amounts 0! 
samples in the mortar. In addition to the quantitati 


p-toluidine method of W inkler (13) and the change in the spec 
concentration of HMF in 


ve Fiehe test devised, the 


tra of aqueous 


solutions of the honey were used to estimate the 
For the spectral measurements, aqueous s lutions of 
rooney were used in a concentration equivak nt to one gram t the rigina 
of solution. As noted before, interfering } 


f HMF 


thy 


three 


the heated samples. 


aqueous SO f honey. For this reason 


| 1. First, th in absorbance of 2 


the spectra were employed. a 
increase in HMF;; for 


in no HMF. Second, 


this estimate the unheated honey was assumed to contain ! 


mu during the heat treatment was used 


the change in the difference between the absorbance at 284 mp (maximum } 
and that at 245 mp (minimum) was calculated for all samy Then an ex 
tinction coefficient was estimated for the value (i ith a standard 
solution of HMF and used to estimate the amount t nt in the 
various samples*. Third, the spectral data were analyzed wit! formula 
similar to that proposed by Winkler tor analyzing clarified solutions of honey 
Results of all methods are compared in Figure 10 All met! 
rate of HMF formation. 


strated the importance of moisture on the 


low motsture 


the difference in the concentration of HMF between ! 
moisture samples was roughly the same by all methods, but the concentration 
of HMF ina sample varied greatly with the m thod of analysis 

Results with the quantitative Fiche reaction were consistently and pro- 
portionately lower than those obtained with the p-toluidine method of Wink- 
ler. The very low reading obtained with the quantitative Fiehe test for the 
sample of 20.6% moisture is easily explained by the difficulty experienced in 
grinding this sample in the mortar with ether: the grinding action was no- 
ticeably poor because of the high moisture. The difference noted between the 
results of these two chemical methods seems to be greater than that t be 
expected from the incomplete extraction of HMF in the quantitative Fiehe 
test. The notably lower concentrations obtained with the quantitative Fiehe 
reaction might be due to an increase in specificity of measurement brought 
about by the ether extraction involved in this method. 

Rough estimates of HMF concentration from the increases in absorbance 
at 284 mp during the heat treatment were higher than those obtained with the 
-hemical methods, showing that interfering substances also are produced dur 
ing heat treatments of honey. 
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Figure 10. The effect of moisture on the formation of HMF in a honey heated 
at 55° C. for 6 days. 


It is interesting to note that the result obtained by estimating the HMF 
from the value (E2s1 — E245) fell between those obtained by the two chemical 
methods, and therefore seems to be a fairly good estimate of HMF concen 
tration in this honey. 

Analysis of the spectra with a formula similar to that of Winkler gave 
results that paralleled those of the previous spectral analyses but which were 
consistently higher than the previous methods. Winkler also reported that 
high results are obtained if unclarified solutions of honey are analyzed with 
such a formula. 

The above data indicate a lower specificity of the p-toluidine-barbituric 
acid method for HMF than that found with the quantitative Fiehe test de 
scribed in this paper. However, the simplicity of the p-toluidine-barbituric 
acid method might well overshadow the lower specificity indicated for it. 

An experiment was made to compare the rates of formation of HMF in 2 
alfalfa honeys that had similar moisture contents (16.6, 16.6, 16.1), similar 
pH values (3.7, 3.6, 3.7), and no appreciable amount of HMF. Samples of 
the honeys were stored in incubator rooms at 35° C., 45° C., and 55° C. after 
bringing the samples to the desired temperatures in water baths. As shown 
in Figure 11, the rates of forming HMF varied measurably among these 
honeys, although the differences were not great until the heat treatments were 
prolonged and objectionable amounts of HMF had been produced. Since 
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Figure 11. Comparison of the rate of formation of HMF in three alfalfa honeys 
during storage at elevated temperatures. 


such temperatures are within the range of climatic temperatures commonly 
reached in some parts of California, it appears quite possible that detectable 
amounts of HMF could be formed by comparatively short exposures to solar 
heat. 

The data presented indicate that the rate of forming HMF and the rate 
of losing diastase activity may vary greatly among different honeys even when 
they are treated in similar fashion in respect to heat and storage. In view of 
such variation it seems likely that the establishment of minimum diastase con 
tents or maximum HMF contents could discriminate against certain honeys 
that are heated to no greater extent than the others found acceptable under 
such standards. The relationship of the nutritious values (e.g., inhibine) of 
honeys to such standards remains to be studied. With the latter question in 
mind a few preliminary examinations were made to compare the “inhibine 
values” of honeys that did and did not meet the present rules for judging 
honey employed by the Instituts fur Honigforschung in Bremen, German) 
The diastase activities and the Fiehe reaction and/or HMF contents of “‘accep- 
table” and “unacceptable” honeys are compared with their inhibine values in 
Tables 4 and 5. 

Honeys in Table 4 have too much HMF for their comparatively low dias 
tase activities to meet present German standards. Nevertheless, honey No. 57 
which had a considerable amount of HMF gave the maximum inhibine value 
with the present procedure. Furthermore, this inhibition was shown to be 
due to a heat labile factor, since the inhibition was lost completely when the 
5- 


50-50 solution of honey in water was heated in a boiling water bath for 1 
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TABLE 4 


The “inhibine values” of several honeys that fail to 
meet the German regulations for diastase and HMF. 


“J tn 2 


AA 


TABLE 5 
The “inhibine values” of several honeys that apparently 


HMF | 
uantitative 


Honey 


20 Alfalfa, 1955 
M | Alfalfa, 1954 
M° M, heated! 


| | 


4x 1Buckwheat, 1954 
10x |Alfalfa, 1954 


1 Heated over a 3 hour period to 7 


20 minutes. It seems noteworthy that the buckwheat honey No. 4x in Table 
5 showed a very low inhibine value in spite of its very high diastase activity 
and low HMF content. 

The results with honey M in Table 4 and with No. 57 in Table 6 indicate 
that the inhibine is more sensitive to high temperatures than diastase. If the 
inhibine is more sensitive to heat than diastase, the honeys in Table 4 that 
have high inhibine should not be judged unacceptable because of alleged over- 
heating. The search for better methods of judging the acceptability of a 
honey is now in progress in Germany. It is our hope that this paper will be 
of some aid in this pursuit. 


TABLE 6 


A comparison of the effect of heat (62.8°) on inhibine and diastase in 
honey number 57. Stored for 18 days before analyzing 


Treatment Inhibine value Diastase units/gm 


6.7 


Unheated | 
0 Hour 
Min. Preheating 
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HMF 
| Fiehe lantitative Diastase After 
No Honey | Reactior Fiehe method (units/gr 5 heating 
iV 
| gr 
|Alfalfa, 1955 9.0 6.7 4.0 
: | Alfalfa, 1955 + 13.0 6.9 40 1.0 
|Alfalfa, 1955 15.0 4.5 4.0 
|Alfalfa, 1955 18.0 6.7 5.0 0.0 
|No. 57-liquid 33.0 trace only 0.0 
|Alfalfa, 1954 +++ —— 7.3 3.0 
- 
}Orange, 1954 + 0.0 
I Alfalfa, 1954 | + - 7.4 1.0 
meet the German regulations for diastase and HMF. 
No. Reactior Fiche method (units/g1 heating 
| | (ugm./gm.) hone 
- 17.1 4.0 1.0 
- 4.5 12.5 40° | 
| } 70 95 0.5 
— + } 26.1 0.5 
21.6 2.5 
15 5 
| Hour 3.0 
414 Hours 2.3 5.4 
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SUMMARY 
Objective methods of measuring the diatase (a-amylase) activity and 
HMF content of honey with the aid of photoelectric instruments were devel- 


oped and employed to study the occurrence of these substances in unheated 
different honeys 


honeys. The well-known variation in diastase activity among 


was demonstrated. Evidence was given to support Kiermeier and Koberlein’s 
theory that the variation in sensitivity of diastase of different honeys to heat 
ng honeys. The rate of formation of HMF 


is due to the variation in pH amon 
was shown to vary among honeys undet similar 
age and to be greatly influenced by the moisture ¢ 


g 
treatments of heat and stor- 
-ontent of the honey and by 
the concentration of HMF initially present. Various methods of estimating 
HMF concentration in honey were compared. The heat 
in honey (“Snhibine”) was shown to be more heat labile 

diastase. No relationship between diastas« activity, HMF content, and in- 
hibine value could be found in several honeys that could and could not meet 


the present German requirement for diastase and HMF. 
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A STUDY OF THE BIOCHEMISTRY OF IRRADIATED POTATOES 
STORED UNDER COMMERCIAL CONDITIONS * 
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Department of Food Processing, University of Maime, 
Agricultural Experiment Station, Orono, Maine 


(Manuscript received May 9, 1958) 


One of the early successful applications of irradiation in the preservation 
of foodstuffs was the inhibition of sprout formation in potatoes as outlined 
by Sparrow et al. (18, 20,21). In work reported by Sparrow and Christen- 
sen (19) sprouting was greatly reduced at dosages of 5,000 rep. and com- 
pletely inhibited at 20,000 rep. or higher. 

Sawyer (15,16) found that dosages of around 10,000 rep. or higher com- 
pletely inhibited sprouting regardless of the storage temperature. Brownell 
(3) reported dosages of from 10,000 to 15,000 rep. as minimums necessary 
for complete sprout inhibition. 

In more recent work Burton and Hannan (5) reported sprout suppression 
at much lower dosages of 3,500 to 8,500 rep. 

Along with the beneficial effect of sprout inhibition has come an undesir 
able effect of rotting of the tubers after irradiation at the higher levels. 
Brownell (3) found that following dosages of 19,000 to 200,000 rep. periderm 
formation was inhibited and suberization was delayed. Therefore, under cer- 
tain conditions rot could occur as a result of infections in cuts and bruises 
which occur after irradiation. If bruising occurred and the samples were 
irradiated at the higher dosages before the tubers had a chance to form peri- 
derm, these bruises would then offer likely entrances for rot-causing organ- 
isms. 

The effect of irradiation upon ascorbic acid has been investigated by sev- 
eral workers. Proctor and Goldblith (13) in studying the effect of X-rays 
produced at 50 KV on pure solutions found ascorbic acid to be more radio- 
sensitive than either niacin or riboflavin. Anderson (1) found that half of the 
ascorbic acid content was destroyed when solutions of approximately 4 mcg. 
per ml. were exposed to 5,500 rep. of X-rays produced at 185 KV. 

In complex systems ascorbic acid losses are somewhat less than in pure 
solutions. Proctor and O'Meara (14) found considerable loss of ascorbic 
acid in orange juice irradiated by high voltage cathode rays. Kung and 


Gaden (7) found that ascorbic acid was destroyed to a considerable degree 


when evaporated milk, cream, cheese, butter and margarine were exposed to 
ionizing radiation dosages of 8 x 10‘ rep. to 2 x 10° rep. for periods of 1 to 
12 hours. Both Brownell (4) and Sawyer (15) have shown losses of reduced 
ascorbic acid in irradiated potatoes. Sereno (17) indicated an initial loss of 
ascorbic acid immediately after irradiation, followed by an arresting of this 


* This paper reports research undertaken in cooperation with the Quartermaster Food 
and Container Institute for the Armed Forces, QM Research and Development Command, 
U. S. Army, and has been approved for publication. The views or conclusions cont: ined 
in this report are those of the authors. They are not to be construed as necessarily reflect- 
ing the views or endorsement of the Department of Defense. 
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loss, and later by a gradual recovery of the vitamin. This recovery was ac- 
celerated by high storage temperatures, i.e. the higher the storage temperature 
the sooner the recovery. Similar instances of this ascorbic acid recovery have 
been reported by Cooke (6) in his work with irradiated snapdragon plants 
and soya bean plants. 

This study was undertaken to determine the changes occurring in Maine 
grown Katahdin and Russet Burbank and Idaho grown Russet Burbank po- 
tatoes when irradiated at two levels and stored under commercial conditions 
for 13 months. Each month analyses were run to determine the moisture 
content, specific gravity, total sugars, reducing sugars, ascorbic acid and 
starch. The respiration was determined bimonthly for the first 8 months only. 
A record of the temperatures during the storage period was also kept. 


MATERIALS AND METHODS 

Sample treatment. The two Maine varieties were shipped by rail 
facility at Idaho Falls, Idaho. Approximately 5,000 pounds received no treatment, 7,500 
mately 10,000 


urbanks were 


the irradiation 


pounds received irradiation dosages of 14,000 to 20,500 rads and appr 
pounds received dosages of 28,000 to 41,000 rads. The Idaho Russet 
treated in a like manner. Each lot, however, was comprised of approximately 1,000 to 
2,000 pounds more potatoes than the corresponding Maine lots. After irradiation the sam- 
ples were shipped to Fort Fairfield, Maine, and stored in a commercial potato storage house 

Cpecific gravity. The Parow Potato Balance (12) was employed using a 5 kg. sam- 
le whenever possible and smaller samples when necessary 

Reducing sugar. The AOAC Berlix Institute meth: 
lowing modifications suggested by Ogg (11). Eight to 10 unpeeled potatoes were cut from 
stem to bud end and 200 g. of opposite radial 14g sections were comminuted in a Waring 


xi 
B 


1 


(2) was used with the fol- 


blender with an equal weight of water for 5 minutes. One hundred grams of the slurry 


was transferred to a beaker, and 1 to 2 g. calcium carbonate and 250 ml. of 95% 
ethyl alcohol were added. The mixture was extracted on a steam bath for 1 hour after 
which the solution was decanted and filtered. The residue was similarly extracted two 
additional times using 76% alcohol (200 ml. of 95% alcohol plus 50 ml. water) and filtered 
as before. 

Filtrates were evaporated to approximately 450 ml., transferred to 500 ml. volumetric 
flasks and made up to volume with water. The procedure outlined by the Berlin Institute 


method was used to determine the reducing sugars 
Total sugars. A 100 ml. aliquot of the alcoholic extract prepared for reducing 


sugars was hydrolyzed 24 hours at 20°-25° C. with 20 ml. of 7.8 N hydrochloric acid. It 
was made slightly basic with 5 N potassium hydroxide using phenolphthalein as an indi- 
cator. The hydrolyzed sample was made up to volume in a 200 ml. volumetric flask and 
the same procedure used as for the determination of the reducing sugars (2 

Moisture. Five grams of the same slurry that was used in the extraction of the 
reducing sugars was used for this determination. The sample was dried for 24 hours at 


75° C. and at atmospheric pressure 


Ascorbic acid. A method adapted fri Ponting (9) was employed. 
Unpeeled opposite radial sectors from stem to bi r 6 potatoes were used. Fifty 
grams of sample was 1 in a Waring th 350 ml. of 1% metaphosphoric 
acid for 5 minutes was filtere 1atman No. 42 filter paper and 
the ascorbic acid was determined on the filtr using a Klett-Summerson photoelectric 
colorimeter with a te 

Starch. Starcl ms were made on the residue recovered from the alcoholic 
extraction prepared for the determinations of the sugars. The AOAC method for starch 


was used (2). 
Respiration. Five-pound lots of potatoes were placed in sealed bell jars. Air free of 


by means of a vacuum pump. 


moisture and carbon dioxide was drawn through the jars 
The moisture and carbon dioxide given off by the potatoes during respiration was col- 
lected in U-tubes cont Drierite and Ascarite respectively. Weight gains in the 


U-tubes were accepted as the water and carbon dioxide given off by the tubers during 


respiration. 
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RESULTS AND DISCUSSION 


For the purpose of this study the Russet Burbank potatoes from Idaho 
and those from Maine were considered as two different varieties. Therefore, 
later statements will refer to “3 varieties.” All values indicated in this report 
are on a fresh potato basis and not on a moisture-free basis. 

All of the controls sprouted, but sprouting of the irradiated samples was 
completely inhibited with the following exceptions. At the end of 6 months’ 
storage sprouting occurred in approximately 50 pounds of low dosage irradi- 
ated Katahdin samples. At the end of 7 months some sprouting was evident 
in the irradiated low dosage Idaho Russet Burbank lot. Approximately 5 to 
10 pounds were affected in this instance. As previously noted Burton and 
Hannan (5) were able to suppress sprouting using one-fourth to one-half the 
low dosage employed in this study. Their dosage rates should be examined 
with the fact in mind that Burton did not use any of the common American 
varieties which possibly may require a higher dosage for sprout suppression 
than the varieties they used. 

The most significant result of this study was the much greater incidence 
of rot in the irradiated samples than in the controls, as can be seen in Table 
2. Except for the very end of the storage period the percentages of rot were 
much higher for the irradiated than for the controls. Lowering of the per- 
centages rot for both low dosage irradiated Russets toward the latter phase 
of storage and the corresponding increase in rot percent for the controls dur- 
ing the same period would seem to indicate that the irradiated tubers that did 
not rot early in storage were less susceptible to rot towards the end of the 
storage period than were the controls. The average cull figures indicate that 
Katahdins were slightly more susceptible to irradiation damage than either 
Russet variety, the Idaho Russet being least susceptible. Averaging the over- 
all rot percents for the 3 control lots and then comparing that average against 
the low dosage lot average and against the high dosage lot average it appears 
that irradiation at the low dosage resulted in 29.0% more rot than the controls 
and the high dosage irradiation resulted in 33.0% more rot than the controls. 
The inhibition of periderm formation as reported by Waggoner (22) added 
to the delay of suberization as reported by Brownell (3) very probably is 
responsible for the increase in rot in the irradiated samples in this study. The 
added handling necessary at the irradiation site itself probably played a part 
in this increased rot. 

A check to determine if the added handling due to shipping the Maine 
grown varieties to Idaho and back to Maine had any effect on the rotting is 
limited to an examination of the first half of the storage period only. This 
is so because potatoes in Maine are usually stored about 7 months ; therefore 
normal rot figures are available for this length of time only. Making this 
comparison it appears that both Maine control lots exhibited about twice the 
amount of rot normally encountered in storage in Maine. It then follows that 
part of the rot of the irradiated samples was due to the added handling be- 
cause of the shipping. 

Figures 1, 2, and 3 present the total sugars, reducing sugars and starch 
contents throughout the study. It appears that the temperature of the stor- 
age had a much greater effect on these values than did the irradiation treat- 
ment. During the warmer months of storage there was a reduction in the 
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Russet Control 
Russet 14-20,500 rads 
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MANE KATAHOIN 


MON THE 


Figure 2 
sugars and rise in the starch content. The opposite was true during the colder 
months. This is obvious when comparing the temperatures of storage in 
Table 1 with Figures 1, 2, and 3. 

The only difference of possible ce ymmercial significance between the ir- 
radiated tubers and the controls was the higher reducing and total sugars 
content of the irradiated Maine Katahdins during the last half of the storage 
period. 

Murphy (10) reported that the loss of one-third to one half of the total 
loss of ascorbic acid in potatoes occurs during the first month of storage. 
Leichsenring and Norris (8) indicated that removing tubers from lower tem- 
peratures and storing them at room temperature resulted in an apparent in- 
crease in both total and reduced ascorbic acid content. 

Both of these phenomena were evident with all three varities used in this 


study whether they were or were not irradiated as can be seen in Figure 4. 
There was an initial loss which was followed with the onset of warmer tem- 
peratures by a buildup of ascorbic acid. During the latter phase of storage 


469 
MAINE RUSSE —-— 28000-44000 RADS 
DOAHO RUSSET 
6 J 
A 
A 4 é é ? 8 9 2 3 
6 i 2 3 
4 
| 


j. S. SCHREIBER AND M. E. HIGHLANDS 


STARCH CONTENT 


G 


3 


4 8 


s 6 ? 
MONTHS IN STORAGE 


Figure 3 


there was another loss which was more apparent in the control than in the 
irradiated samples. 

Throughout the course of this study there did not appear to be any sig- 
nificant differences in the specific gravity between the control and the irradi- 
ated samples. In general the controls were slightly higher but the differences 
were of no commercial significance. 

There did not appear to be any c mmercial significance for the moisture 
and respiration results. 

SUMMARY 


Under the conditions of this study the most significant result was the 
much greater rotting of the irradiated samples when compared with the con- 
trols. The lots irradiated at the high dosages had 33.0% more rot than the 
controls and the low dosage lots had 29.0% more rot than the controls. 

There did not appear to be any commercially significant differences in 
any of the biochemical constituents covered in this study, with the possible 
exception of the reducing and total sugars values for the Maine Katahdins 
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towards the last half of the storage period. From the seventh through the 
twelfth month the controls exhibited lower reducing and total sugars values 
than their respective irradiated samples. During this period the controls aver- 
aged 0.32% lower reducing sugars and 1.22% lower total sugars. 
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Figure 4 
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EFFECTS OF RADIATION AND OF COOKING 
ON THE QUALITY OF BABY BEEF LIVER 


CHRISTINE WILLIAMS, JOAN YEN anp FAITH FENTON 
State College of Home Economics and 
State Agricultural Experiment Station, 
Cornell University, Ithaca, New York 


(Manuscript received February 7, 1958) 


This study, was undertaken to determine the effects of radiation and of 
cooking on baby beef liver. Liver was chosen because it has been reported 
that organ meats are the least susceptible of meat products to the deleterious 
side effects of radiation. If radiation could increase the keeping quality of 
liver without producing undesirabl e side effects, the benefits would be great, 
especially since the length of keeping quality of fresh organ meats is less than 
that of other meats. These meats are also highly nutritious. 

Obiectives of the investigation were to determine palatability, cooking 
losses, objective color, moisture, fat, pH and thiamine. Cooking methods 
(a) electric test oven; and (b) electronic oven. Since the use of the 

ublic eating places and in the home, it 
his method of cooking on palatability, 


were: 
electronic oven is increasing both in pt 
is of interest to know the effect of t 
and cooking time of both unirradiated and irradiated meat. 
on the qualities of liver are limited. 
Schweigert (17) stated that gamma-irradiated organ meats, such as liver 
received higher organoleptic ratings than did fresh, cured or smoked pork 
products, or beef. Huber, Brasch and Waly (9) found that organoleptic and 
color sensitivity to radiation de: east from beef to lamb to pork to organ 
meats. They postulated that the greater resistance of org 
protective substances. They also found that 


cor king losses 
Reports of the effect of ra diation 


ran meats to radiation 


might be due to the presence of 

the addition of less than 1% of a homogenate of a cell-free press juice ob- 
tained from one of the organ meats n ‘inimized the adverse flavor changes in 
muscle meat. 

With regard to odor, Br: isch and Huber (2) reported that calves’ 
had “good” —r3 after gas radiation with 6 million rep and storage at 
375°C. for 5, 6 and 12 days. Green, Heindel, Deolalkar and Glenn (7), 
however, iad a of oa eea he odor in beef liver after 1 X 10® to 6 X 10° rep 
beta radiation at 0° C. Kirn, Urbain, and Czarneskt | (11) observed a decrease 
‘n odor scores of from 10 to 8 after radiation with 2 X 10°. Doty, Schweigert, 

aie odoriferous sulfur- 


liver 


Niven and Kraybill (4) noted the formation of simy 
containing , compounds (hydrogen sulfide and methy 
in carbonyls when meat was irradiated at d 


mercaptan) and an 


increase osages above 1.5 x 10 


rep. 

Observations on flavor and color have been somewhat divergent. Brasch 
>) concluded that irradiated calves’ liver had “good” flavor. 
reported a decrease in flavor scores from 10 to 
ests that radiated flavor in foods, even 
go unnoticed by a non-expert pi anel. 
as judged subjectively, in beef liver 


and Huber (- 
Kirn et al. (11), however, 
7.4 after irradiation. Urbain (19) sugg 
though detectable by an expert taster, may 
As to color, damage to the red pigments, 
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following irradiation has been reported by Kirn et al. (11) and Brasch and 
Huber (2). Green et al. (7), however, found “no noticeable change in the 
color of irradiated beef liver.” Change in the color of beef muscle meat due 
to radiation has been reported by several laboratories. 

Many other interesting observations have been made. Thus, Kirn et al. 
(11) reported that beef liver exhibited extensive shrinkage and expression of 
considerable meat juice after 2 & 10° rep gamma radiation during refrigera- 
tion. Brasch and Huber (2) reported that calves’ liver had a “fair appear- 
ance” after 6 X 10° rep beta irradiation and storage at 37.5° C. for 5, 6, and 
12 days. Mead (14) found that thiamine is highly susceptible to radiation. 
Effects of radiation on vitamin destruction differ in type and in quantity from 
food to food. Increased destruction of thiamine with increased dosage has 
been found with most foods. Goldblith (6) noted that labile nutrients in 
foods are “protected” remarkably from massive destruction during radiation 
by the presence of complex materials, either naturally occurring protective 
substances or naturally occurring radio-resistant compounds. No reports on 
the effect of radiation on vitamins in liver were found in the literature. 


EXPERIMENTAL PROCEDURE 


History and radiation treatment. Frozen whole baby beef livers were purchased 
on the open market. Each liver while still frozen was sliced on an electric meat slicer to 
a thickness of one-half inch. 

From each slice of liver a rectangular-shaped piece, 4% in. by 2% in, weigl 
proximately 85 g. was cut. Separable fat, membrane, and gristle were removed 
be cooked were sealed into moisture-vapor-resistant cellophane and divided into 
cording to the pretreatment to be given: (a) control; (b) 3 million rep beta radiz 
(c) 6 million rep beta radiated. 

Smaller pieces of liver and the outside pieces of larger slices were sealed 
phane, labelled, frozen, and stored for use in color determinations and 
of the raw meat. 

The 3 lots were frozen in a home-type chest freezer set at — 20°F. The control 
samples remained there until they were studied. Two lots were packed in dry ice, and 
shipped by express to Cambridge, Mass., where they were irradiated * on each broad side 
while still frozen. 

The frozen radiated liver was then repacked in dry ice and returned to Ithaca 
stored in a home freezer (—20° F.) until tested (within 4 weeks). 


METHODS 


Sampling for analysis. Raw Meat: One slice of frozen liver from each of the 3 
lots was sliced through the center horizontally. One of the half-slices was used for 
objective color determination. The other half-slice and another whole slice were ground 
twice, with mixing after each grinding, in preparation for chemical analysis. Slicing and 
grinding were started while the liver was frozen to minimize drip losses. 


Cooked meat: After samples for color and palatability tests were obtained, the re- 
mainder of the cooked liver was ground, mixed well, and aliquots taken for chemical 
analysis. 

Cooking methods. General methods: Each test was repeated 4 times. All of the 
liver was cooked from the solidly frozen state. 

A cooking lot consisted of 4 slices of liver from each of the 3 pretreatments. Since 
one method of cooking was the electronic oven in which metal pans are not suitable, glass 
baking pans, 814 in. square and 2 in. deep, were used for both cooking methods. 

The liver was cooked a predetermined time by both cooking methods. Preliminary 


“Irradiation by means of a Van de Graff accelerator. 
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of thermometers or thermocouples, to determine internal tem- 
practical, since the thickness of the samples was not sufh- 
r thermocouples firmly in the meat. 


tests indicated that the use 
perature of the liver, was not 
cient to hold either the thermometers « 

Conventional me No directions for baking liver in the oven without the addi- 
tion of some liquid were found in the literature. Therefore, the cooking method used 
was a modification of that for broiling liver lower temperature for a longer time Baking 
ity of heat than broiling A well-insulated elec 
tric test oven” was preheated to a temperature ¢ f 400° F. Three baking dishes, each con- 
taining liver of a single treatment were placed on racks on the hearth of this oven and 
hearth of the oven was rotated during cooking 


made possible a greater c mtrol and unifor 


cooked simultaneously for 25 minutes. The 


-en®: Each lot was cooked successively according to a statistical design: 


Electronic Oven 


2 3 


The electronic oven was set at “high”. The baking pans were c vered with cellophane 
roug cooking t XCESSIVE » and losses due to spattering. After 2/2 

, king. the slices were turned ov and were also rotated so that the sides that 
had been tow the tside t pa toward the center. The liver was then 
longer, a total of 5 minutes. Preliminary tests had shown that if the 


ctronic oven, outside edges were 


yercooked, al center portions W 1 
Palatability testing. Cocked samy to be used for palatability testing were 
brush vit 1 weighed 1antity of melted butter ar sprinkled with a weighed quantity 


treatment was not given to the slices to be 


6 experienced judges from 


Nutrition, Institution Management Animal Husbandry and Hotel School 


he Fo 


faculties. Judges scored separ itely 2 sets of 3 samples ¢ ach on each cooking day. Each 
set consisted ot control, a 3 million ref da 6 million rep sample cooked by each 
method. Thus all of the variables (3 pretreatments and 2 co king methods) were com- 


ity of one 
nner (1) 


The score card is given in Table 1. Judges checked descriptive terms to which 
irbitrary values were given in interpreting differences. Maximum possible score was 5 
Judges also stated whether they considered samples acceptable for civilian use and/or 


> DESPATCH oven, a well-insulated electric test oven with a rotating hearth. 
© RADARANGE, Raytheon Manufacturing Company, Waltham, Massachusetts 
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Day of Cooking Order of Cooking 
1 
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A Control lay 
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ot salt on ¢ ist tore tasting i 
used for chemical anaiysts. 
parea t re tes 
Each judge was given one fourth of a slice of liver. To avoid the possil | | = 
‘udge consistently receiving an inst le or at itside section, judges were assigned om ai 
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Judge 
l I O O O** 
*] = Inner = Outer 


476 CHRISTINE WILLIAMS, JOAN YEN, AND FAITH FENTON 


The order of tasting samples also followed a randomized design: 


Order of Tasting 


Day of Cooking Type of Cooking 


Conventional 
Electronic 


Conventional 
Electronic 


Conventional 
Electronic 


Conventional 
Electronic 


Control 
3 million rep 
6 million rep 
military use. Acceptability was calculated as per cent of positive responses. Order 
preference was also given. 
Cooking data. The cooking record included (a) weight of raw and cooked liver; 
cooking weight loss; (c) drip loss; and (d) evaporation loss 
Objective color determinations. The Hunter Color and Color Difference Met 
was used to measure the “Rd,” “a” and “b” values of the inside cross section of the 
slices of liver. Color was reported as the a/b ratio, or hue. 
ing values of Rd 2.4; “a” 18.2 and “b” 8.0 was used in balancing t 
Moisture. Five grams of ground liver was dried in a vacuum oven at 
26 to 28 in. vacuum for 7 hours. 
Fat. Fat was extracted by the method of Watts and Peng 
cation. Twenty grams of ground liver was used for each analysis 


Thiamine. Sixty grams of raw and 50 g. of cooked, ground liver were used for each 
still frozen. Kotschevor (12) 


(b) 


er 


1 


A standard color plate hav- 


1 


he color meter 
95° under a 


(21) with slight modifi- 


analysis. Grinding of raw liver was started while it was 
reported thawing of sliced unirradiated calves liver a 
40° F. for 20 hrs., resulted in a loss of thiamine 
thiamine present in the drip 

Thiamine was extracted from the ground liver by 
Esselbaugh (22) with slight modification, and was measure 
are reported on both the moist, 


the method 
1 by the thir 
Conner and Straub (3). Results 
fat-free basis. 

Statistical design and analysis. Analysis of variance ac 
Four replicates of each study were made 


-cording 


was applied to the data 


RESULTS AND DISCUSSION 
Subjective Observations 

Raw meat. The appearance of the irradiated liver was not noticeably dit- 
ferent from that of the control. Green et al. (7) also found no noticeable 
change in color of irradiated beef liver when judged subjectively. Kirn et al. 
(11), judging subjectively, and Brasch and Huber (2), however, observed 
damage to the red pigments of liver by radiation. Kirn et al. (11) reported 
that beef liver, gamma irradiated with 2 « 10® rep during refrigeration, 
exhibited extensive shrinkage and expression of meat juice. 

Cooked meat. Differences in texture were noted in cutting the slices for 
palatability testing and in grinding the meat for analysis. With increased 
radiation dose, the meat became progressively more crumbly. In the 6 million 
rep lot it was almost impossible to distinguish the small bits of gristle present 
from the liver tissue itself. Radiation had apparently broken the cell structure. 
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TABLE 1 
Palatability score card for baby beef liver 


Take a separate piece ot 
ualitv, concentrating 


Judges Name 
i 1 rm vou think applies. 
2 chews. 


Note: Check (\) tl 
iness after 


COMMENTS 


ODOR 


W c ak 
Moderate 


Too hght 
Too dark 


Objec tionable 


Natural) 
mpact or Porous 


ACCEPT civilian conditi 
ABILITY 
Odor 

Flavor 


olor 


litions 


litarv cone 
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4/ 
Sample Number 
B 
On dor W eak (4) ity 
Moderate (3) 
Obrectiot ible Odor 
FLAVOR Natura (3) 
Off-flavor (4) 
(3) 
strong 
Descmbe Objectiot ible Flavor 
COLOR OF Natural {2 
SURFACI (3) 
rEXTURI Compa (5) 
OF CUT Not C (3) oF 
SURFACE 
JUICINESS Natural (5) 
Loo iry (3) 
i » moist (3 
NESS loo tender 
ns 
— 
ne - 
Juiciness 
exture 
Odor 
Flavor 
3 


Color 
Juiciness 


Tenderness 
Do you think you could become 
accustomed to this flavor and 


accept it? (Yes or no) 


ORDER OF PREFERENCE: 


Morgan (15) states that if a protein is radiated wet there seems to be a 
tendency for it to increase in viscosity almost to the point of gel formation 
probably due to cross linkage. Softening of the tissues of certain vegetables 
and fruits by irradiation has been reported by Kertesz et al. (1) and Glegg 
et al. (3). 

30th the amount of coagulum and cooxing drip decreased with radiation 
of the liver. 

Cooking method. Liver cooked in the electric test oven was a glazed 
mahogany color on the outside. Little coagulum and no fluid remained in the 
pans after cooking. 

Although samples cooked in the electronic oven. were not browned, the 
surface was an even, dark tannish color. This method resulted in a consider- 
able amount of coagulum which was the same uniform color as that of the 
meat, and also in an appreciable amount of relatively clear, tan liquid. The 
larger amount of drip present was no doubt due to less evaporation as a result 
of the shorter cooking time. 


Palatability testing 

Palatability scores ¢ are presented in Table 2, the significance of differences 
in Table 3. 

Odor. Radiation: The mean odor score for the control, 4.7, was signif- 
icantly higher than for the irradiated samples, 3.7 and 3.4. This trend agrees 
with that reported by Green et al. (7) and Kirn et al. (11) but not with that 
reported by Brasch and Huber (2). No statistically significant difference 
occurred between the radiated lots (Table 3). 

Judges described the odor of the radiated samples as: “not characteristic 
but not objectionable,” “protein decomposition,” “rancid” or “stale.” One 
judge, however, who had been working with radiated meats for some time 
consistently judged the radiated samples as “natural” in odor. This may 
indicate that it is possible to become accustomed to the radiated odor and 
accept it. 

Cooking method: Differences in odor scores due to ce voking method (4 l 
and 3.7) were not statistically significant. 

Flavor. Radiation: Mean flavor scores were significantly higher for con- 
trol, 4.7, than for radiated samples, 3.6 and 3.1. The difference, however, 
was not as great as that found for ground pork in another study in this 

4It is possible that the palatability scores of the control lot of liver might have been 
lower if it had been subjected to transportation to and from Cambridge. The aim, how- 
ever, in this study was to make practical comparisons between the quality of irradiated liver 
and that which had not been subjected to hazards 
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TABLE 2 


Effect of irradiation on mean palatability scores! of baby beef liver 
cooked conventionally and electronically 


Cooking methods 


Quality factor Pretreatment “ern Pretreatn.ent means 
Electric over Electronic oven 
Control 4.8 | 4.6 4.7 
Odor 3 million rep 38 3.6 3.7 
6 million rep 3.8 3.0 | 3.4 
| 
Means 3 


Cor trol 


Texture 


Juiciness 


Tenderness 


laboratory (13). Terms used in describing flavor of radiated liver were similar 
to those for odor. Kirn et al. (11) also reported lower flavor scores for 


radiated beef liver. Brasc uber (2), however, found that irradiated 


calf liver had a “good” flavor. 
Cooking method: Differences in flavor scores due to cooking method (3.9 


and 3.8) were not statistically significant. 


Color. Radiation: The cut surface of the cooked control meat received a 


5 ve radiated 


significantly higher mean score, 5.0, than did that of either of t 


samples, 4.8 and 4.7. Since the difference was only 0.2 or 0.3 


icance is questionable. Furthermore, 4+ of the judges gave all of the ra liated 


liver “natural” color ratings on every testing day. Two of the judges, how 
ever, rated the color of the radiated samples consistently lower than that of 


‘ooking meth 


were not statistically significant, 4.9 and 4.8. 


Texture. Radiation: Mean texture score for the control, 4.9, was sign 
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| 
3 million req 3.8 3.5 3.6 
1] rer 22 2 
6 million rep 3.2 3.0 3.1 
Means 3.9 3.8 cele 
3 million rep 4.8 4.8 4.8 Pa eee 
6 millior rep 49 46 4.7 a ake 
Means 4.9 4.8 | eas 
33 
| 
3 milhon rep 4.3 4.0 4.2 
6 million rep 4.1 3.7 3.9 
4 420 | 
} 
Control 4.8 4.5 4.6 
3 n won rep | 3.9 3./ | 38 at ek 
| > 77 
6 million rep | 3.9 3.4 | aa ria 
Means 4.2 3.9 } 
Control 4.7 4.5 38 : 
3 million rep 3.6 3.9 33 
6 million rep 3.4 3.2 
ans 3 3.9 
1 Maximum possible score 5 a eae 
the control. 
Cooking method: Differences in color of cut surface due to 
if 
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EFFECTS OF RADIATI( IN, 


icantly higher than for radiated, 4.2 and 3.9. No statistically significant dif- 
ference occurred between the 2 radiated lots. Judges des ribed the texture 
of the radiated samples as slightly porous. 

Cooking method: Differences in mean texture scores 


method were not statistically significant, 4.4 and 4.2. 
Juiciness. Radiation: Control meat received 


score, 4.6, than the radiated samples, 3.8 and 3 


due to cooking 


~ 1 
significantly higher mean 


a 
7 Radiated samples were 


considered “too dry.” 
Cooking method: Laver cooked conventionally received significantly 
higher juiciness scores, 4.2. than that cooked electronically, 3.9. This dif- 
bly of no practical signific 


ference of only 0.3 unit is pr bal Again, elec- 


tronically cooked samples received lower mean score 


considered “too dry”. 
for the control, 4.6, was 


Tenderness. Radiation: Mean ten lerness score 1 
significantly higher than scores tor radiated samples, 3.8 and 3.3. Radiated 
The 6 million rep samples were described 


meat was considered “too tender.” 
as powdery, crumbly, or too mushy 
Cooking method: Experime! tal means for tenderness scores due to cook- 
ing method were the same, 3.9. 
Civilian and military acceptability. In estimating acceptability of flavor 
to civilians, judges responded in the affirmative to the control 89.6% of the 


time. to the 3 million rep lot 50°% of the time, and to the 6 million rep lot 
41.7% of the time. In estimating flavor acceptability to the military, affirma 
tive answers were: control 93.9¢7. 3 million rep lot 68.8% and 6 million rep 


lot 62.59 (Table 4). Thus there was more difference in acct ptability between 


between the two irradiated lots. 
Perhaps the ac ceptability scores ¢ f the radiated meat on all quality factors 
the control had not been presented at the same 


id been included in a meal with other foods. 


the control and the irradiated meat than 


time, and also if the meat 

Order of preference. Order of preference tf 
first choice — control ; second — 3 million rep; and third —6 milhon rep 
lot. The control was ranked lst, 42 times, 2nd, + times and 3rd, 10 times; 
the 3 X 10° rep lot, Ist twice, 2nd, 45 times and 3rd, 10 times ; the 6 X 10° 
rep lot, Ist twice, 2nd, 11 times and 3rd, 33 times. 

Cooking weight losses. Radiation: Mean cooking weight losses of the 
control lot, 21.49, were enificantly higher than for the radiated samples, 


188 and 17.00% (Tables 


would have been higher if 
h- 
ne 


> both cooking methods was: 


8. 5 and 6). No reason for this finding is known. 


Cooking time for the 3 lots was the same. 

Cooking method: Differences in weight loss due to cooking method were 
the same, 19.0 and 19.1%. 

Cooking drip losses. Radiation: Drip loss of the control, 4.79, was 
significantly greater than that of the radiated lots 

Reduction in drip loss in cooking radiated samples 1s similar to findings 
of Lim, Yen and Fenton (13) who noted reduced cooking drip in ground 
pork patties following radiation. 

Cooking method: A larger amount of drip, 
cooking than in conventional cooking, 0.5°, pr bably chiefly because of the 
shorter cooking time which would allow less evaporation of drip. 
interaction occurred between pretreatment and 


5.1%, was found in electronic 


Statistically significant 
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EFFECTS OF RADIATION, COOKING ON LIVER 


TABLE 5 
Effect of irradiation on mean losses during conventional and electronic cooking 
of baby beef liver 


Evaporation 


TABLE 6 
Mean squares and significance of cooking losses of irradiated baby beef liver 


Percent weight Percent total evaporat 


Keplicates 3 5.22486 2.31084 11.34153 
Cooking Method l 0.26042 125.08101 ** 113.97042 
Error (a) 3 19.00153 1.15345 28.79819 
Pretreatment 2 40.19042 ** 24.74976 ** 1.98042 
vs. $46 1 66.50521 ** 43.11125 ** 2.52083 
3 1 13.87563 * 6.38826 * 1.44000 
Pre ‘nt Cooking Method 2 5.35042 12.57850 ** 1.58042 
0 vs. 3+ 6X Cooking Method 10.1 22. 83900 ** 2.52083 
3) 6 X Cooking Method l 0.5256. 2.31801 0.64000 
Error (b) 12 2.79486 1.04769 3.54653 
ADDITIONAL COMPARISONS! 
0 vs. 3 1 6.76000 * 4.84000 ** 0.90000 
l 19.36000 ** 12.25000 ** 8.10000 * 


trol and the radiated 


cooking method. Difference in drip loss between the con 


t} ] tr 


samples was greater in the electronic oven than in the conventional oven. 


Evaporation loss. Kudiation. Evaporation loss for the control, 16.7, 
ificantly larger than that for the 6 million rep lot, 15.8°¢, but not 


higher than that for the 3 million rep lot, 16.4¢¢. The ditferences are probably 


Was slg 


ign 


too small to be of any practical importance. 


Cooking method: Differences in experimental means for evaporation loss 


Cooking loss Pretreatment Pretreatment mean 
Electri ven Electronic oven Pah. 
Weight Control 20.4 22.4 21.4 ‘oe 
3 million 19.0 18.6 18.8 
6 million 17.5 16.4 17.0 
- 
Means 19.0 19.1] 
Drip Control 1.0 8.4 a3 
6 million 0.0 2.4 1.2 
Means 0.5 5.1 
Control 19.3 14.1 16. 
3 million 18.5 14.2 16.4 
6 million 17.5 14.0 15.8 
Means 18.4 14.1 
Pretreatment: 0 = Control; 3 = 3 million rep lot; 6 = 6 million rep lot. cae 
* Significant, 5% level 
** Highly significant, 1“ level 
Dunnett, ( W \ multiple comparison procedure for comparing treatments with a ntr ae 
i ae 
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in the 2 cooking methods were not statistically significant, 18.4% and 14.1% 
(Tables 5 and 6). 


Objective Color 

Raw meat. Radiation: Statistically significant difference was found 
between the a/b ratios of the cut surface of the control, 1.44, and radiated 
samples, 1.66 and 1.75. Differences between the radiated lots were not signif- 
icant (Tables 7, 9 and 10). When the meat was judged subjectively no dif- 
ference in color was noticed. 

Cooked meat. Radiation: Differences between experimental means for 
a/b color ratio of cut surface of cooked liver were not significant, 1.05, 1.09 
and 1.06. 

Cooking evidently obliterated the differences in objective color values ob- 
tained in the raw meat. 

Cooking method: Differences between experimental means for a/b color 
ratio for the 2 cooking methods were not significant, 1.11 and 1.03. 


Moisture Content 

Radiation. Raw Liver: Differences in mean moisture content in the 3 lots 
of liver were not significant: 70.2 to 70.7% (Tables 7 and 10). Scheid, 
Bennett and Schweigert (16) reported the moisture content of unirradiated 
liver as 69.2 to 73.4%. 

Cooked Liver: After cooking, the control lot and the 3 & 10® rep lot had 
similar moisture content, 57.3 and 57.4%. The 6  10® rep lot had signif- 
icantly higher moisture content, 58.5% (Tables 6, 10 and 11). These small 
differences probably have no practical importance. It has been suggested, 
however, that higher dosages of radiation release bound water in muscle meat. 

Cooking. Although liver cooked conventionally had a statistically sig- 
nificant higher moisture content, 58.09%, than did that cooked electronically, 
57.49%, the difference of only 0.6% probably has no practical significance. 

Statistically significant interaction in moisture content of the control and 
the radiated lot was found between cooking methods. 


Fat Content 

Radiation. Raw Liver: No significant difference in mean fat content was 
found, 1.3 to 1.7% (Tables 7, 9 and 10). The fat content was lower than 
that reported in a Food Composition Table, approximately 5% (10). This 
lower value was probably at least partially due to the removal of separable fat 
from the liver prior to packaging. 

Cooked Liver: No significant difference was found in fat content of the 
control, 6.3%, or either of the irradiated lots, 6.4 and 6.1%. The slight dif- 
ference in the 2 radiated lots was probably of no practical significance. 

Cooking. Differences in fat content between liver cooked by the 2 
methods were not significant, 6.3 and 6.2% 


pH Value 


Mean pH values of the 3 lots of liver both before radiation, and before 
and after the 2 methods of cooking were consistent, 6.2. 
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EFFECTS OF RADIATION, COOKING ON LIVER 


Thiamine Content and Retention 


Radiation. Kaw Liver: As anticipated, thiamine content decreased signif- 
icantly with increased radiation (Tables 1, 9 and 11). Ziporin, Kraybill and 
Thach (23) report that the degradation of thiamine occurs by the splitting of 
the molecule into pyrimidine and thiazole moieties and that the thiazole un- 


dergoes further degradative changes at higher doses of irradiation. 


Mean thiamine contents of raw liver on both the moist, fat basis and on 


the drv, fat-free basis are presented in Table 7. Scheid et. al. (16) found the 


thiamine content of liver on a fresh basis to be U.18 to 0.27 mg. per 100 g. 
I 


The 0.205 mg. content of the control lot in this study was within this range. 


Difference in mean retention of thiamine after the 2 levels of radiation 
was highly significant : 80.99, and 59.69% (Tables 8, 9 and 10). Nothing was 


TABLE 8 
Effect of radiation and cooking on retention of thiamine in baby beef liver 


SULLY 


Irradiation only 100 
Cooking only 


Conventional 


found in the literature on the effect of radiation on the vitamins in liver. 
Groninger et al. (8), however, reported the retention of thiamine in oxygen- 
104 


packed, gamma-irradiated beef as 76% after 1 & 10° rep; 16% after . 
rep and 6% after 10 x 10° rep. Alexander, Day, Sauberlich and Salmon 
(1) stated that, at a dose of 3 & 10° rep, thiamine content of beef was de- 


creased by to 67 % 
Cooked liver: Decrease in thiamine content of raw liver with increase in 


radiation carried through to the cooked liver (Table 7). Differences in 


thiamine content of the 3 lots of liver on the dry, fat-free basis were highly 


significant (Tables 9 and 10). Mean thiamine content on the moist, fat basis 


of each lot cooked by the two methods was: 0.250 mg., 0.190 and 0.150 mg. 


per 100 g. On the dry, fat-free basis, mean thiamine content of each lot was 


0.695 mg., 0.534 mg., and 0.433 mg. per 100 g. 

Cooking. Differences in thiamine content after the 2 methods of cooking 
were not statistically significant (Tables 9 and 10) 

Little loss of thiamine occurred during the cooking of these thin slices of 
liver. Differences in mean thiamine retention during cooking of the control 


and the irradiated liver were also not significant. 

Radiation plus cooking. Mean retentions of thiamine after irradiation 
plus cooking of the 3 x 10% rep lots of liver were about the same for the 


methods of cooking. 


SUMMARY 
A study was made of the effect of beta radiation on palatability, cooking 
losses, objective color, moisture, fat, pH and thiamine of baby beef liver. Pre- 
treatments were: control, 3 million rep and 6 million rep radiation. The meat 


was irradiated in the frozen state. 


ig 
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Control x 6 x 
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Cooking methods used were conventional (electric test oven) and elec- 
tronic oven. Slices of baby beef liver were cooked from the hard-frozen 
state for 25 min. in the electric test oven, and 5 min. in the electronic oven. 


Irradiation: Radiation resulted in decreased palatability scores for odor, 
flavor, texture, juiciness, and tenderness ; decreased preference rank; de- 
creased cooking weight loss and cooking drip loss. Decrease in palatability 
qualities, particularly those due to oxidation, might have been less if the 
meat had been packed in an inert gas. Irradiation resulted in a thiamine re- 
tention of 80.9% in the 3 X 10°® rep lot and 59.6% in the 6 & 10® lot. 

The a/b color ratio of the cut surface of the raw meat increased. Moisture 
and fat of the raw liver were not significantly affected by radiation, nor were 
evaporation losses during co king, or the a/b color ratio of the cut surface 
of the cooked meat, or the pH. 

Cooking: Electronic cooking resulted in slightly lower juiciness scores and 
higher cooking drip losses than did cooking in the electric test oven for all 
3 lots. Odor, flavor, color, texture and tenderness palatability scores, cook- 
ing weight loss, evaporation loss, a b color ratios of cut surface, pH, and 
losses of moisture, fat, and thiamine were not significantly different in the 
liver cooked electronically and conventionally. 

Statistically significant interaction between pretreatment and cooking 
method was observed in texture and in cooking drip loss. The electronic oven 
resulted in greater difference Letween control and radiated samp'es than did 
the electric oven. 

Electronic cooking of one lot (4 slices) required one-fifth the time of the 
electric test oven cooking of 3 lots | 12 slices) of liver. 

Cooking these thin slices of liver resulted in little further loss of thiamine. 

More studies are needed since work on muscle meats indicates that pack- 
ing the liver in an inert gas might protect it from deleterious oxidative side 
reactions. Allowing the frozen liver to stand exposed to the atmosphere at 
room temperature before it is cooked might also result in a decrease in the 


undesirable flavor. 
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COMPOSITION OF TEN PR \CESSING AND 
TABLE VARIETIES OF VIRGINIA APPLES * 


ANTHONY LOPEZ, PAUL J. FELLERS, CHARLES B. WOOD anp 
JOSEPH M. JOHNSON 
Virginia Polytechnic Institute, Blacksburg, Va. 


(Manuscript received April 11, 1958) 


This study was undertaken to determine the important chemical con- 
stituents of 10 varieties of apples grown in ten apple-producing centers located 
in Virginia. Certain other phy sical and chemical characteristics of apples 
were also studied. Seven of the 10 varieties analyzed in the course of the 
work reported here are important processing varieties : York Imperial, Stay- 
man, Golden Delicious, Grimes Golden, Jonathan, Rome Beauty, and Albe 
marle Pippin (Yellow Newton). The other three are table apples: Delicious, 
Winesap, and Lowry. Data on the chemical composition of apples are useful 
not only for nutritionists but also for processors. 

A considerable amount of literature exists on the chemical constituents of 
apples. The first chemical analysis ever reported on the whole fruit of Amer- 
ican apples was probably the one published in 1887 by Richards (29). Other 
early studies were made by Browne (7) in 1900, Alwood (1,2) and by Al- 
wood, Davidson, and Moncure (3.4) between 1902 and 1904. In 1904 Van 
Slyke (34) published analyses of 75 varieties of apples and 10 varieties of 
crab-apples. Gore (19) in 1908 reported on the composition of the fresh juices 
of 11 apple varieties. 

Jones and Colver (24) in 1912, published several extensive analytical 
studies on the composition of all the important commercial varieties being 
grown in Idaho at that time. In the same year, Shaw (32) reported the results 
of his work with 21 varieties of apples grown in many localities of the United 
States. His work included the determination of several constituents as well 
as the inter-relationships between the conditions of soil, climate, and culture 
on the composition and eating quality of apples. 

In 1925, Frisk (18) compared the nutritive value of 5 varieties of Iowa 
winter apples. In 1928 Caldwell (8, 9, 10) published the results of determina- 
tions of several constituents on a very large number of American and French 
varieties of Virginia-grown apples. Cooking and eating apples were included 
in a 1928 study made by Lampitt and Hughes (25) in an article on the general 
composition of various fruits. In that year also, Fellers (17) published re- 
sults of analytical work done on the chief Massachusetts commercial apple 
varieties. St. John and Morris (30) in 1929 showed that the level of sugars 
and other constituents of Jonathan apples varies from year to year. 

In 1937 Todhunter (33) assembled all the data on the nutritive value of 
apples available up to that time. The results of a 5-year study on acidity and 
pH of 13 varieties of New York State apples were reported in 1931 by Pfund 
(28). In 1947, Esselen et al. (16) summed up the information available on 


* A portion of the data presented in this paper was taken from a thesis presented by 
Paul J. Fellers to the Graduate School of Virginia Polytechnic Institute in partial fulfill- 
ment for the requirements of the degree of Master of Science. 
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COMPOSITION 


the composition 
(32) published 
including its composition. 


Source of material. 


1955 Virginia apple harvest The various samples were colle cted from cold and common 
storages located in the main producing areas ¢ f the state. Samples of the processing iri- 
eties in most cases were drawn only from lots which wou 1 later be used for processing. 

Description of samples. The fruit for each sample was chosen at random from 
several bushel apple containers being held in storage. Betweet ~) and 25 fruit com- 
prised a sample. All samples taken were ungraded fruit yf good processing qu lity and con 
dition. Color bud sports, some o1 which were used in this expert ent, were included w th 
their respective V rieties. After sam] les had been drawn, they were transported to Bla ks- 
burg and placed 1 mediately in cold storage at U" t 33°C. (32° to 38° F.). Maturity 
of samples used v ried widely. However, tt is believed that maturity and condition of the 
samples were, In general, representative o1 the fruit which 1s re ceived at processing plants 
in Virgimia, 

Preparation of samples. Samples were prt pared within a week aiter their arrival in 
Blacksburg. Approximately 10 apples from eac sample were picked out and tested for 
firmness. For this test a Magness-Taylor pressure tester equipped with a plunger 7/16- 
inch in diameter was used. A section ot peel about 34 inch in diameter was sliced off each 
of these apples from the unblushed portion of the tm nness of the flesh, ex- 
pressed as resistance against applied pressure and measure is. was recorded. An 
average was taken tor the lot 

The punched apples were then peeled, cored, und sliced. A mechanical hand app 
peeler was used. Three slices were taken from each apple and combined, making - 
posite tissue sample of about 30 slices. © sample was then trozen in hermetically 

Mason jars and kept at about 23° C. (— 10° F.), until its ash and pectin contents 
detert ined 

Phe remainder of the prepared apples were ced using a Sweden Speed Juicer. The 
centrifugal action of this juicer Inced a juice yield varying trom 50 to 60%. Next, the 

ice was strained through 8 lavers of previously washed and dried cheesecloth. Part ot 
the juice was set as de in tightly closed glass « tainers and stored at — 23° C. (— 10° F.) 
until its sugar content could be determined. In the fresh juice that was left, pH, total a d- 
ity, specific gravity, and soluble solids were determined immediately. 

1) Til s were done 1 iplicate Ash and pectin were 
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In 1950, Smock and Neubert 
apple fruit after harvest, 


work reported here were from the 
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Chemists (5) except that a 15-g. 
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(5) for extracting samples for pectic acid determination was followed. 
(h) Tannin. The method followed was that of the A.O.A.C. (5), as modified by 


Hartman (22). 


RESULTS 


Table 1 shows a statistical analysis of the results obtained. In Figures 1, 2, 3, and 4, 
changes in ash, pH, soluble solids and total acidity with decreasing firmness are com- 
paratively shown for the varieties Golden Delicious, Rome Beauty, Stayman, and York 
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Figure 1. Effect of firmness of Golden Delicious apples upon ash content, pH 
value, soluble solids-acid ratio, and total acidity. 
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Figu-e 2. Effect of firmness of Rome Beauty apples upon ash content, pH 
value, soluble solids-acid ratio, and total acidity. 
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Imperial. Figures 5, 6, 7, and 8 compare changes in soluble solids. Figure 9 shows the 
relationship. between total acidity and firmness found in four of the more important vari- 


eties of Virginia processing apples. 
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Figure 3. Effect of firmness of Stayman apples upon ash content, pH value, 
soluble solids-acid ratio, and total acidity. 
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Figure 4. Effect of firmness of York Imperial apples upon ash content, pH 
value, soluble solids-acid ratio, and total acidity. 
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Figure 5. Effect of firmness of Golden Delicious apples upon soluble solids, 
total sugars, reducing sugars, and sucrose content. 
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Figure 6. Effect of firmness of Rome Beauty apples upon soluble solids, total 
sugars, reducing sugars and sucrose content. 


Hydrogen-ion concentration. pH values showed considerable variations between 
I rieties were small. Varietal dif- 
(pH average of 4.24) and 
and the varieties Albemarle Pippin, Stayman, and York 
Imperial, the three of which ranged from 3.37 to 3.40. The range in pH within varieties 
was greatest in York Imperial apples, which for one standard deviation about the mean 
pH showed 0.13. For Grimes Golden and Stayman the limits were very narrow within 


varieties, but, for the most part, the differences within v 
ference was especially evident between the varieties Lowry 
Delicious (pH average of 3.99) 
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Figure 7. Effect of firmness of Stayman apples upon soluble solids, total sugars, 
and sucrose content. 
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Figure 8. Effect of firmness of York Imperial apples upon soluble solids, total 
sugars, reducing sugars, and sucrose content. 


the variety, one standard deviation about the mean being 0.05. A negative correlation sig- 
nificant at the 1% level of the average of the means for pH and total acidity was ob- 
served from Figures 1, 2, 3, and 4. The calculated coefficient of correlation was — 0.86. 
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Figure 9. Relationship between firmness and total acidity in four varieties of 
processing apples. 
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Sugar content. In the apples udied, differenc were evident in the sucrose, reduc- 
ing, and total sugars content of each variety. Total sugars were found to be highest in 
Delicious and Lowry and lowest in Rome Beauty. Sucrose content averaged highest in 
Stayman and lowest in Winesap. For reducing sugars content, Delicious and Lowry were 
high while Grimes Golden, Stayman, and Rome Beauty were lov » was more vari 
ation in reducing sugars than in sucrose am rietie lucing sugars, sucrose, and 
total sugars content of the analyzed apples o 
between varieties 

Ash content. The varieties showing the hig! average < content, Stayman and 
Winesap, were 0.10% higher than Rome auty which averaged 3%. Rome Beauty 
was much lower in ash content than the average for the varieties studied. Ash varied 
from a low of 0.12% in a Rome Beauty sample to a high of 0.43% in a Stayman apple 
sample. Generally speaking, there existed as much variation in ash content within vari- 
eties as between varieties. There was a positive correlation between reducing sugars or 
total sugars and ash content. A correlation coefficient was determined for total sugars and 
ash content of Winesap apples (r = + 0.625) and was found to be significant at the 5% 
level 

Pectin. The highest value was found in the Winesap variety with an average of 
0.76%, and the lowest in Lowry apples with an average of 0.32%. More variation was 
found between varieties than within varieties. 

Tannin. Relatively small differences were found in the tannin content of the 10 
varieties. The average of the means was 0.033%. 
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Specific gravity of the juice. The coefficient of correlation between soluble solids 
and specific gravity of the juice for the average of the 10 varieties was determined and 
found to be 0.90. It can be assumed, therefore, that changes in specific gravity were 


determined to the extent of 81% by changes in soluble solids content 


DISCUSSION 

The desirable characteristics of processing apples are good typical flavor, 
firm texture that does not become mushy with cooking, relatively high tart- 
ness, acceptable color, and high percentage yield from a given weight of raw 
applies. Other factors of importance that should be considered either sepa- 
rate from or allied with the 5 factors listed above include: pH and total 
acidity, soluble solids, sucrose and reducing sugars, astringents, aromatic 
qualities, pectin, juiciness, texture of flesh, size and shape of the fruit. 

Considering the results of all the determinations made on peeled and 
cored apples in the present study, and results obtained on similar analyses 
done by other workers on whole fruit, little or no significant chemical com- 
position differences appear to exist between peeled and cored apples and 
whole apples. Jones and Colver (24) helped to substantiate this observation 
when they stated that the percentage of sugars in the waste, which include 
stems, cores, seeds, and parings, approximates very closely that contained in 
the whole fruit. 

The composition of the apple varieties studied varied both within and 
among varieties with firmness. This is an agreement w ith what many work- 
ers have found (6, 9, 16, 20, 31, 32, 36). 

Haller (20) reports that pressure test determinations are a fairly accurate 
guide to the ripeness of apples. This same worker, however, states that 
other factors, such as temperature of the fruit, turgidity and moisture con- 
tent of the fruit, soil fertilization, soil moisture, thinning, and rootstocks may 
influence the firmness readings. It is known that apples of the same ripeness 
for different years exhibit different firmness values (36). Also, composition 
‘s not constant for different samples of apples of the same variety due to 
many other factors,, 

There was a great deal of difference in firmness values obtained for most 
of the samples within a certain variety. Most of the samples used, however, 
ranged from firm to firm ripe. Most of the York Imperial samples ranged 
from very hard to firm. Within some vat ieties, samples having nearly identi- 
cal firmness values possessed a different composition and vice versa. 

In general, it was observed that as firmness of apples of one variety de- 
creased (i.e., fruit becomes riper) acidity decreased proportionately, whereas 
pH increased in the same manner. This is in agreement with results shown 
by several investigators (9, 31, 36). Soluble solids, total sugars, and reducing 
sugars decreased with decreasing firmness ; sucrose remained relatively con 
stant in the apple varieties studied. It can be assumed that the apple has at- 
tained its maximum sugar content when it is harv ested in the firm ripe stage 
of maturity. Afterwards, sugar level decreases. Of course, if the fruit ts 
harvested in the immature state the starch will not have hydrolyzed and the 
other sugars will not have had the opportunity to reach their maximum level. 


Even for some of the York Imperial samples, which were very hard and 


perhaps to be considered immature, the sugar content ran high. The acidity, 
too, was high in these same hard apples. This would indicate that York Im- 
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perial apples for pri cessing should be in at least the firm to firm ripe stage 
The Rome Beauty apples 


of maturity for obtaining the best quality product. 
h in sugar and in acid content. These are two 
reasons why Rome Beauty apples are not used extensively for canned slices. 
In 1955, natural thinning of the trees in many 


were found to be deficient bot 


growing areas was 
brought about by an untimely spring frost. Thinning may have allowed 
build-up of sugars in the fruit. It is quite pos- 


for a somewhat greater 
sible that some of the differences noted in the composition of samples 
within a single variety were due, at least in part, to the varying growth 
conditions experienced by each si gle samp’e. 

have long been used in helping to evaluate apple 
quality. However, the soluble solids-acid ratios are of a relative nature only. 
That is, there is no steadfast 1 ile for determining quality directly from s lu 
ble solids-acid ratios. Some apple varieties with the sa 
\s Shaw (31) stated, Rome Beauty has 


Soluble solids-acid ratios 


me sugar-acid ratios 


do not have the same eating § uality. 
nearly the same sugar acid ratio as McIntosh which is much higher in fresh 
apple eating quality It is true, however, that each variety possesses a gen ral 
range for the sugar-acid ratios. For example, Delicious has invariably a 


high ratio when this variety is mature as compared wi 


ith most other varieties 
St. John and Morris (30) maintain that taste « f fresh apples as judged by 


hn and in 
different individuals 1s a more reliable index of quality than any chemical 


measures. 

Few ash analyses of the apple varieties studied could be found in the 
literature. For several varieties, no ‘nformation was available at all. The 
percent ash in Winesap was reported by 
(0.279% ash in whole fruit ; Alwood and Davidson (3), 0.31% in whole fruit; 
and Fellers (17), 0.32% in juice of the whole fruit. The average percent ash 
‘ned from 11 samples of Winesap in the present study was 0.28%. It 
from these data that the percentage of ash present in a 


hy several workers: Richards 29 


obta 
might be concluded 
given apple variety 


remains rather constant for that variety and seemingly 
regardless of the condition of the < 


it 


ipples, i.€., as juice, whole fruit, or peeled 
PI 


and cored fruit. 

For the Grimes Golden variety, \lwood and Davidson (3) reported 0.25% 
ash in the whole fruit and for the present study, 0.23% ash was found for 
5 samples of peeled and cored apples. Alwood and Davidson 


ash present in the whole fruit of Albemarle Pippin. An 


the average of 
3 reported 0 


identical amount of ash was found in the present study in an average ot 
peeled and cored Albemarle Pippin samples. No previous data have been re 

ported on ash content for the rest of the varieties. 
Haller (21) found 0.849% total pectic substances in fresh apples. Wid- 
dowson (36) reported 0.529% total pectic substances expressed as calcium 
Macara (26) analyzed 28 varieties of apples and 


pectate in fresh apples. 
vectin expressed as calcium pectate, with a maximum 


found an average 0.75% | 
value of 1.31% and a minimum of 0.49%. 
from 0.0224 to 0.1780% for pectin expressed as calcium pectate in 
In analysis of 8 varieties of Massa- 


Charley (14) reported values 
ranging 
fresh juice of Bramley ’s Seedlings apples. 
chusetts grown apples, Fellers ( 17) found values ranging from 0.27 to 0 62% 
pectin expressed as pectic acid. Lampitt and Hughes (25) found an average 


1.29% pectin expressed as pectic acid in cooking apples and 0.82% in eating 
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apples. Carré (12) reports values ranging from 0.89 to 1.1% for total pectic 
constituents determined as calcium pectate. The pectin determinations re- 
ported here in general agree well with those reported by the authors men- 


tioned above. 

Shaw (31) gives equal importance to the amounts of astringents present 
in the apple to that of sugars and acid. Wright and Whiteman (36) re 
ported that total astringents, in general, were highest in Scvayman and Wine- 
sap, slightly lower in Grimes Golden and immature Yellow Newton and low 
est in York Imperial apples. Caldwell (8) reports analysis of 21 varieties of 
French apples grown in two locations in Virginia. He found that tannin 
content ranged from 0.09129% to 0.5880%, and total astringency values from 
0.0912% to 0.8050%. Caldwell also reports in another paper (9), on the 
chemical composition of the juices of 98 varieties of apples grown in Vir- 
ginia. The values reported for tannin range from 0.0040 to 0.3290%, and for 
total astringency from 0.0546 to 0.6400. Values of 0.0377 and 0.0322% for 
tannin in juices of Virginia grown Delicious apples, and 09,0050, 0.0315, 
0.0136% tannin in juices of Virginia grown York Imperial apples are re- 
ported by Caldwell (10) in a third paper. Neubert (27) reports 0.038% tan- 
nin found in the juice of Delicious apples. Clague and Fellers (15) analyzed 
the composition of 9 varieties of Massachusetts apples during 2 seasons. 
They found values ranging from 9.04 to 0.25% tannin. Charley | 13) reports 
that the tannin content of ciders is usually 0.12 to 0.14%. The values found 
in the course of the work reported here agree well with those given in Cald- 
well’s paper. 

Figure 9 shows the relationship of firmness and total acidity for the 4 
main Virginia processing apple varieties. The regression lines were calcu- 
lated by equations which were derived from data obtained in the course of the 
work reported here. As can be seen from Figure 9, the ranges of firmness of 
the 4 varieties varied, especially that of the York Imperial which differed sig- 
nificantly from the other three. All of the regression lines sloped in the 
same direction. The slope was similar for Golden Delicious, Rome Beauty 
and Stayman, all slopes decreasing slightly in acidity as firmness decreased. 


SUMMARY AND CONCLUSIONS 


The content of several chemical constituents, and other physical and chem- 
ical characteristics were determined in 10 varieties of peeled and cored Vir- 
ginia processing and table varieties of apples grown in several locations 
throughout the state. The following determinations were made: Firmness of 
the apple samples, specific gravity of the juice, total acidity, pH, soluble 
solids, soluble solids-acid ratio, reducing sugars, Sucrose, total sugars, pec- 
tin, tannin, and ash. 

For the chemical determinations made, significant differences were found 
both within and among varieties. Often the differences in composition were 
as variable between the samples of one variety as samples of one variety com- 
pared with samples of other varieties. 

A comparison of firmness values for samples within their respective vari- 
eties was made with the results of the different chemical determinations. 
Total acidity was found to decrease with a loss in firmness, whereas pH 
and soluble solids-acid ratio increased. In general, s jluble solids, total sugar, 
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ecreased slightly with a decrease in firmness. Firmness 


The qual- 


and reducing sugars d 
values are often not good indicators of the composition of apples. 
ity of the apples for processing can be better determined by using data on 
firmness together with soluble solids. If, in addition, acidity and astringency 
values are known, a still better prediction of quality can be made. 
The York Imperial apple, which ‘s the most important variety to apple 
processors in the Appalachian area, as compared with other varieties rated, 
in general, as follows: Very firm, hard apples, high acidity, low pH, average 
soluble solids, low soluble solids-acid ratio, average sugars, average ash, 
average specific gravity of the juice, average tannin, and average pectin 
content. 
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CAROTENOIDS IN PASSION FRUIT JUICE 


(Passiflora edulis, Sims. ) 
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Passiflora, of which only a few 


There are over 300 species of the genus 
ic. Purple Passion fruit (Passiflora edulis, 


have a value as food plants, 772., 

Sims.), Yellow Passion Fruit (?. edulis var. flavicarpa), 
water-lemon (P. ligularis), giant granadilla (P. quadrangularis), bell-apple 
(P. lauriflolia), West Indian sweet calabash (P. maliformis), red fruited pas- 
sion vine (P. foetida), green fruited passion vine (P. ciliata), white flowered 
passion yine(P. albia), and inkberry (P. suberosa). The last four have little, 
man consumption, but are eaten and disseminated by birds. 


sweet granadilla or 


if any, value for ht 
Most of the species not mentioned here are only flowering or ornamental type. 
P. edulis, Sims., the purple skinned fruit, containing an exotic yellowish 
orange juice embedded in which are numerous small black seeds, is considered 
to be the most important and 1s already being commercially exploited in the 
manufacture of beverages, tropical salads, etc., in Australia, Kenya, South 
Africa, Hawaii, India, and other tropical countries, but little published 
information appears to be available on the carotenoid pigment make-up in the 
; though the subject of plant 
carotenoids, in general, has been reviewed and discussed from time to time 
by several workers 6. 8 9, 12, 18-21). The available information 
pertains « nly to the carotene content in P. liqularis (2, 10) reported as 0.0 
to 0.25 mg./100 g., in P. quadrangularis (10) given as 0.004 to 0.019 mg./ 
lauriflol ig./100 g. Karrer et al. 5) reported 
the occurrence of lycopene in the red seeds of P. Coerulea. Likewise the 
carotene in P. edulis has been reported as 200 I. U. Vitamin A (13), 90 I. U. 
(1) and by us as 901 to 1347 I. U. Vitamin A. (14 17). Thus, despite its 
being rich in carotenoids, little published information was available on the 
carotenoid pigment make-up in the juice from P. edulis. This paper covers 
some information on the subject. 
the water-soluble pigments in passion fruit juice 


juices from any of the aforesaid species, 


> 


100 g. and in P. laurifiotia 7) as 0.0n 


Qualitative tests for 
revealed the absence of 
water-soluble yellow pigments ( flavones ) 
tities, no further detailed study was made on them. 
rtains only to the isolation and identification 


anthocyanins, and the presence of only traces of 
Since these pigments occurred 


only in very small quar 
The present study, therefore, pe 
of major carotenoid pigments occurring in passion fruit juice. This was done 
by separation and isolation of the major carotenoid pigments by column 
chromatography (18, 19, 21) and their characterization by spectrographic 
data, mixed chromatograms and colour reactions, etc. Preliminary to this 
partition of the car ‘tenoids into 


e described by Strain (19) and 


study, information was also obtained on the 
major groups by the phase-separation techniqu 
Zechmeister and Cholnoky (21). 
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EXPERIMENTAL METHODS AND RESULTS 


Extraction of juice. Healthy ripe purple plump fruits were washed, halved and the 
pulp scooped out with the help of stainless steel scooping knives or spoons. The pulp was 
deseeded by passing the pulp through a motorised pulper fitted with 1 mm. mesh stainless 
steel sieves. The juice was deaerated and suitable aliquots were withdrawn for experi- 
ments ; the rest was frozen. 

Phase separation method. General methods of extraction, partition, and estimation 
of carotenoids were essentially those of Strain (18,19) and Zechmeister and Cholnoky 
(21) with slight modifications. Aliquots of 20 ml. of the juice were employed for these 
studies. The entire pigment portion was taken up in acetone, from which it was trans- 
ferred to petroleum ether (B. P. 65-70° C.). The petroleum ether extract was washed 
free of acetone, dried over anhydrous sodium sulphate and made up to a volume of 50 ml. 

Total carotenoids. Total carotenoids were estimated by making a further suitable 
dilution (1:10) with petroleum ether and measuring their absorption in the range 3200 
to 6000°A. with a Beckman spectrophotometer (tungsten-filament lamp). This gave an 
over-all absorption curve of the pigment complex of the juice. Figure 1 represents a 
typical over-all absorption curve as obtained in a Hardy’s Recording Spectrophotometer. 
Readings at 4250° A. (maxima) gave an idea of the total amount of carotenoids (A) 
present in the juice. 
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Figure 1. Overall carotenoid pigment picture (absorption spectra) of purple passion 
fruit juice in petroleum ether (65-70° C.) (absorption curve of petroleum ether extract 
from 20 ml. of P. F. juice, 1:2 dilution). 
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extracting the original petroleum 
methanol till no more colour- 
xanthophyll 


Free xanthophylls. These were determined by 
ether extract (A) containing all the carotenoids with 92% 
ing matter was extracted. Methanol extracted the free xanthophylls while 


nd carotenes remained in the epiphasic petroleum ether layer, which was then 


esters anda 
separated, washed with water, dried, made to the original volum« taken and read at 
4250° A. (B). The difference between the first and the second determination gave xantho- 


phylls (A-B 

Xanthophyll esters. Pigments left in petroleum ether in (B) were saponified with 
I d methanolic potash and held in refrigerator ov rnight. Next day, the 
1 off with water and the petroleum ether was extracted as in (B) with 


xanthophylls resulting from the 


order to extract the saponification Of 


above was wasl water, dried and treated as 1 \ and B. The reading of (C) gave 
litterence (B-C). 


Epiphasic non-saponifiable pigments. The petroleum ether (C) obtained from the 


wi 
esters were obtained by da 


non-saponifiable tractiot The 
[he experiment was conduc Only the average values are presented 
in Table 1. However, as number of trials conducted, cons! lerable range ot 


nd the components th reot was noticed. The 


variation in the content of 


] ; 
are inciuced 


Same 


TABLE 1 


Partition of the carotenoid pigments between methanol (92°~) and petroleum ether 


S! 
N Carotenoid pigments de t c 

Total carotenoids 0.650 0.26to 0.81’ 
2 Free xanthophy!ls 0140 21.54 10.26 to 21.54% 
3 Xanthophyll esters 0.205 31.54 11.11 to 34.57% 
4 Epiphhasic non-sapontt ables 0.305 46.92 45.74 to 76.30% 


tract trom ml. of fresh 


Further, a similar study of the carotenoid make-uj 


of the juice from passion fruits 


juice from the raw green fruits 


was also made. Since the | 
s. it was not included in the study. The 
ment are presented in Table 2. 


at 3 different stages of maturity 


contained negligible amount of these pigment 


mean results of a typical expert 


TABLE 2 
ent make-up of freshly extracted juice from passion fruit 


Carotenoid pigm 
at different stages of maturity 


Carotenoids 


Total carotenoids 330 540 710 

Free Xanthophylls 045 13.5 068 12.59 073 10.26 
Xanthophyl esters 0.65 19.72 098 18.11 128 18.09 
Non-saponifiables 220 66.77 374 69.30 509 71.65 


‘OD Optical density petroleum et 


Column chromatographic study of carotenoids. The method of preparation of the 
pigments was essentially the same as described earlier. Pigments from 2000 ml. of the 
saponified juice were taken up in 20 ml. of petroleum ether For large scale work, larger 

500 ml. of juice were employed. The columns were 11.5 cm long and 
The adsorbant used was a mixture of magnesium oxide and supercel. 
1:2. A mixture of 1:3 gave good 


volumes up t 


cm. in diameter 
The filtration was slow with mixtures of 1:1 and 


results. 


= ae Es 
> 
Be. 
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jensit t 42 A t a et 
passion fruit juice (1: 25 dilution). 
Bs 
Stages of maturity 
Purpl 
Pale Gree: Half Purple 
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Twenty milliliters of the petroleum ether extract containing all the carotenoid pig- 
ments was used for adsorption. The tube was kept covered with brown paper closed at 
the top to prevent the phototchemical action during the development. The column was 
first developed with petroleum ether and the weakly adsorbed carotenoids were washed 
down and collected separately. For the next few bands, the petroleum ether containing 
3% acetone was used as a developer and the development was completed with petroleum 
ether containing 6% acetone. As many of the different bands as possible were run down 
by the above developer. The bands strongly adsorbed on the column were then segmented 
as free as possible from the adjacent bands and eluted with acetone and later transferred 
to petroleum ether. 

The various eluates were made acetone free, dried as usual, and made up to definite 
volume (20 ml.) with petroleum ether. The absorption of each eluate was measured 
separately in a Beckman Spectrophotometer from 3200° A. to 6000° A. 

Several chromatograms were necessary to separate each of the carotenes from the 
complex mixture. The relative position, colour, absorption maxima and the possible 
names of the carotenoids on the magnesium oxide-super-cel column are given in Table 3 


TABLE 3 
The relative position, absorption maxima and colour on a MgO-super-cel column 


maxima 
Zones Colour (mau) pigme 


Unidentities 


Yellow 400,425,450 
Yellow 400.425.445 
Light orange red 400,425 


1 
2 
3 
4 
5 
6 


Light yellow 
Yellow 
Yellow 
Colourless 


380,400,425 
425,450,480 
420,445,475 


345, 365 


Z Carotene 

8 Carotene 

a Carotene 
Phytofluene 


DISCUSSION 


Carotenoid pigment make-up. A study of Table 1 reveals that passion 
fruit juice contains a complex mixture of pigments in which, unlike the orange 
juice (11), the non-saponifiables usually dominate and range from 45.74 to 
76.30% of the total carotenoids. 

It will further be of interest to note from Table 2 that with the development 
of the external purple colour of the fruit skins, there is a simultaneous gradual 
building up of the carotenoids, the respective values for the 3 stages of 
maturity, being 0.33, 0.54 and 0.71 (optical density of 1:25 dilution of 
petroleum ether extract from 20 ml. of the juice). However, during subse- 
quent studies, considerable variation was noticed in the carotenoid pigment 
make-up of passion fruit juice extracted from fresh fruits at different stages 
of maturity. This variation, apart from other agri-cum-horticultural factors, 
may in part be attributed to the difficulty in obtaining fruits for examination 
of precisely the same stage of maturity. 


ISOLATION AND IDENTIFICATION OF MAJOR CAROTENOIDS 


Alpha, beta, zeta carotenes and phytofluene. Pigments 4 to 7 (Table 3) 
were eluted comparatively easily with petroleum ether containing 3 to 6% 
acetone. The identity of alpha and beta carotenes was established by their 
respective spectroscopic pictures and by mixed chromatograms of each of the 
respective carotenes isolated from carrots. Z-carotene and phytofluene were 


of carotenoid pigments in passion fruit juice 
Band Absorptior Identity Approx " 
nts of each 
ta 7.6 
8.0 
9.3 
8 8.0 
40 57.8 
15 
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likewise identified from their characteristic absorption curves which are well 


established. These pigments are reported for the first time in passion fruit 


juice. 
Unidentified pigments. The presence of the pigments in small amounts 
with close absorption affinities have so far prevented their clear cut separation. 
It seems probable that pigments 1 and 2 at the top of the column might be 
isomeric forms. The pigments had characteristic peaks at 400, 425, 445 mp 
and 400, 425 and 450 my re spectively. Pigment 3 had the absorption maxima 


at 400 and 425 mp. The amount ol these individual pigments were too small 


for further detailed studies. 
In conclusion, passion fruit juice, contains a complex mixture of carotenoid 


pigments in which Beta carotene dominates. 


SUMMARY 


Passion fruit juice (Passtflora edulis, 1s. } has been reported to contain 
the phase s 


a complex mixture of car tenoid pigments. Employing the } 


method, the following range of variation was noticed 


carotenoid pigments: Free xanthophylls 10.3 to 21.5%, xanthophyll esters 
11.1 to 34.6% and epiphasic not saponifiables (mostly carotenes), 45.7 to 


76.3% of the total carotenoid pigment make-up. 

By employing Tswett lumn chromatographic technique with 
modifications and by a study of the absorption spectra of the isolated pigments, 
their colour reactions and mixed chromatograms, the occurrence of 


ing pigments have been reported : Phytofluene, alpha-carotene, beta-carotene 


suitable 
the follow- 


and zeta-carotene. Three minor pigments having the following maxima, vet 


(7) 400, 425 mp (ii) 400, 425. 445 mp (ii) 400, 425, 


remain unidentified 
450 mu. 
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FURTHER STUDIES OF THE FACTORS AFFECTING THE 
EXTRACTION OF COLOK \ND TANNIN FROM RED GRAPES 


H. W. BERG anv M AKIYOSHI 


rnia, Davis, California 


(Manuscript received April 21, 1958) 


In a previous study (1 fermentation, sulfur dioxide, alcohol and time 


were found to be the principal factors (besides temperature) ™m color and 
However, this study did not fully define the effect of each 


Must treatment. exper! ere with 5-gallon lots in <U-¢ allon open 
earthenwat crocks Sufficient 5 Jot epat t give the esired 
| a sample 


Sampling. 
Analyses The sat nlec were eated ng 


res ret 


ted by Berg 
| report re that 


ive the brightness 


Six expel ments were run in Ss stu 
(for) ot the juices piloted st alcoho! or tim | hese figures identical 
hols at the plotted pomts in eacn ¢ xperiment mdicate that the samples 


} 
1 
} 


were drawn at the same time 


fo simplify presentation 0 the data only brightness (% Y) of the color 
characteristics 1s given. It was selected as the best s nvle expression Of color 
density. A decrease in (7% Y ) indicates an increase im Cf lor density. Tannin 
data are not given as, In gene! il. the tannin content closely followed the 


nt 


trends in color conten 
Table 1 gives the must analvsis of the various lots 01 


When more than one number appears in the same line in the 
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rapes used in the 


experiments. 


| 
University of Cali{ 
of these, nor did it give sufficient cata 1 ise Of some . 
cations suggested by th results obtained. Because 01 this, further studies ae 
were made during 1957. if 
q 
EXPERIMENTAL 
> 
Ceanee used in these studies were grown im the University vine vards at Davis and mi 
nu q 
to ensure the same juice to pomace t tor am] m givel 1 
form the t ensured to a 50-gallon dru tirring the contents, 
ladling | irring, tart at nts of must into eat rock in turn unti 
20 additions 1 been made ees 
Unles rwi note addit » ni fur Icohol were ade imm« liately 
fter the must had been pla the crock, and ¢ lot tirt twict y during ™ 7 
the entire course of the experiment Where fermentatiot as desired 1% culture o! oT 
the Montrachet strain of 04d siae Val ideus was added 4 hours 
to-4-cyclohexene-1, 2 rl I was shown in previous work (1 to have no 
effect on rw idex \ ere conduct anarahie temperatures 1 
the range of 18-26" 
t ren an- 
obtain ‘ter the addition of hydrogen per xide to remove the masking effect 0! sultur — 
dioxide 
RESULTS AND DISCUSSION i 
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TABLE 1 
Must analysis of the lots of grapes use 


| 
Experiment 


No. Grape variety ° Brix 


Zinfandel 20.2 
Carignane 21.8 
Cabernet Sauvignon 23.3 
Carignane 21.9 


column headed “Experiment No.” it indicates that these experiments were 
run on the same lot of grapes. 

Effect of fermentation. The object of these experiments was to deter- 
mine if fermentation factors other than alcohol, temperature, time and sulfur 
dioxide had an effect on color and tannin release. By keeping all possible 
factors constant except fermentation its effect can then be measured. 

As alcohol was known to be a major factor in color and tannin extraction 
the writers, in previous experiments (1), had endeavored to keep its effect 
constant by fortifying one series of samples to various alcoholic contents 
and then fermenting another series to the same alcoholic contents. Though 
the fortified series consistently had more color and tannin this finding was 
questionable because of the time factor involved. The samples of the forti- 
tied series received additions of alcohol at the start of the fermentation while 
all the fermented samples started at 0% alcohol and attained equal alcohol 
content only at the time of sampling. Thus, even though the contact time for 
the corresponding samples of both series was the same, the alcoholic contents 
during that time were different until the moment of sampling. 

Experiments 1-3 were designed to minimize variations in the effect of 
time. Amounts of water equivalent to an addition of 0.1, 3, 6, and 12% 
alcohol were added respectively to crocks Nos. 1 3, and 4 in the series to 
be fermented. With the series to be fortified 0.1% alcohol was added to crock 
No. 1 and 0.5% to the other three. Capt in was added to all lots of this series 
to prevent fermentation, and 100 p.p.m.of sulfur dioxide added to all lots of 
both series. Crock No. 1 of both series was screened when the fermentation 
had produced approximately 0.5% alcohol. Approximately 0.5% alcohol was 
added to the remaining crocks in the fortified series each time the alcoholic 
content increased 0.5% in the fermentation series. The No. 2 crock of both 
series were screened at around 3% alcohol and the No. 3 crocks at approxi- 
mately 6% alcohol. From this point on alcohol was added in 19% amounts. 
All crocks of both series were thoroughly stirred each time alcohol was 
added. With this procedure the alcoholic contents of the fermentation series 
was higher, until the moment of sampling, than the corresponding lots of the 
fortified series. 

Figure 1 shows that added alcohol generally results in greater color ex- 
traction than equal amounts of alcohol produced by fermentation. This of- 
fers strong evidence that alcohol is the factor responsible for the extraction 
of color and tannin during fermentation. However, these data also illus- 
trate that other fermentation factors do have an effect. They either inhibit 
color and tannin extraction, or cause an appreciable loss in the amounts re- 
leased. The latter supposition is favored as the color content of the fer- 


512 
| Total acidity 
pH | g./100 ml. as 
tartaric 
1, 4 3.42 0.85 
2, 6 | 3.59 0.77 
3 3.65 0.58 
: 5 3.52 | 0.77 


EXTRACTION OF COLOR, TANNIN FROM RED GRAPES 


2 


Experiment 


% ALCOHOL 


n. Broken lines — fermented, solid lines — 


Figure 1. The effect of fermentatio 
not fermented. 


In addition, in all three of the 
experiments a point of maximum color was reached in the fermenting musts 


after which the color content decreased ; 
but one of the ex] veriments. 


mented juices was less in all 3 experiments 


whereas, in the fortified musts the 


color continued to increase in all 

Two possible explanations are offered for this effect of fermentation. 

An increased hydrolysis of the anthocyanins present Tr sulting in their trans- 
rmentation conditions 


formation to the less stab le ant hoc vant lins. Or, the fer 
igments with a greater resultant color 


cause an increased destruction of the | 
loss. Both effects, of course, could be operating at the same time 
in the 3 experiments are asc ribed to vari- 


Differences in behavior no ed 

ations between grape varieties Reference to Table 1 shows that 3 different 
varieties were used. Thougl .oner et al. (2) found the same pigments pres- 
ent in the 3 varieties, the relative amounts of the various pigments were not 


determined. Thus, the noted « percentage 


ifferences could be due to varying | 


t f the pig- 


varieties. Quant jiative determination 0 
grape and at various stages during extraction 


alll 


of anthocyanidins in th hree 
ments originally present in the 
is needed to explain thes differences in behavior. 

Effect of sulfur dioxide during fermentation. 
writers (1) the color of sulfited (100 p.p.m.) and unsulfited Carig- 
nane was found to be equal, ‘th the sulfited must having the greater color 
content. With Zinfandel musts the one fermented with 2 250 p.p.m. of sulfur 
dioxide had the greater ‘nitial color, but lost color so rapidly that at the end 
was only slightly greater than that of the must 
This raised the ques- 


In previ ious work by the 


stability 


of the fermentation its color 
with 100 p.p.m. which lost color 
tion as to whether the difference in color 
tic, or whether the stability of the color extracted was a function of the 


concentration of the sulfur dioxide. 


at a much slower rate. 
stabil ty was a varieti il acteris- 
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Comparison of the fermentations at 0 and 100 p.p.m. of sulfur dioxide 
(Figure 2) seems to show that the difference in color stability was a varietal 
characteristic. Further evidence for this is given by Experiments 1 and 2 
(Figure 1) where it is seen that the fortified Carignane must was much more 
stable than the corresponding Zinfandel must. 

Comparison of the 3 curves given in Figure 2 also shows that with Zin- 
fandel musts, though more color is extracted with sulfur dioxide, the color 
stability is inversely proportional to increasing concentrations of sulfur di- 
oxide. It is suggested that this was due to increased hydrolysis of the antho- 
cyanins, and to increased irrev ersible binding (or destruction) of the 
pigments. It would be expected that both hydrolysis and irreversible pigment 
binding (or destruction) would increase not only with increasing sulfur di- 
oxide concentrations, but also with increasing reaction time. 


80 


250 ppm. SO2 


| 
5 7 9 
% ALCOHOL 


Figure 2. The effect of sulfur dioxide on fermenting musts. 


Effect of alcohol and time. Extraction of the pigments from gra 
‘nvolves both the loss of the semipermeability of the cells in the skins, and 
diffusion of the pigments through the cell walls into the surrounding liquid. 


The percentage of cells losing their semipermeability is dependent upon tem 
perature, agitation, the kind and concentration of substances present which 
The ensuing 


affect the semipermeability of the cells, and the reaction time. 
diffusion of the released pigment into the surrounding juice also requires 
time. 

Indications were obtained in previous work (7) to support the belief that 
the degree of loss of the semipermeability of the cells in the skins governs not 
only the percentage of the total color released, but also determines the diffusion 
rate. To further test this belief 4 lots of the same must were stored with 
100 p.p.m. of sulfur dioxide at 10, 20, 30, and 40% alcohol. Samples were 
drawn at 12, 24, 48, 72, 96, and 120 hours. As the samples were drawn from 
the 10% alcohol must they were fortified to 20% alcohol. Before analysis the 
samples from the 30% and 40% alcohol musts were vacuum distilled to re- 
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duce the alcoholic content to the same level as that in the samples from the 


other two lots of must. 

As shown in Figure 3, color release and diffusion rate are both dependent 
upon the degree of loss of the semipermeability of the cells in the skins. More 
color was released with increasing alcohol concentration and increasing re- 
action time. Also, at equal diffusion times the amount of color which diffused 
through the cell walls into the surrounding juice increased with increasing 


alcohol concentration. 


70 


| 
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60r- 


0% 


= 
20% 


| 
| 0% 
3» 

40 
20 


| 
12 24 72 96 120 
HOURS 


Figure 3. The effect of alcohol and time. The “ sign indicates percent of 


alcohol by volume. 


Figure 3 also shows that a n ‘nimum reaction time is Teqt ired at each 
alcohol concentration to reach equilibrium. Both the increase in rate of color 
release up to 72 hours and the decrease in rate from that point to 120 
hours were a function of the concentration of alcohol. With this particular 
Carignane must (/xperiment 5) color release rate 15S practically a straight 
line function up to 72 hours. yidently a considerable re action period, even 
1 ations, is required to reach equilibrium. 


cohol concentrat 


and sulfur dioxide. Color extraction durin y 
bor involved 


at very high a 


Effect of alcohol 


tion is a time consuming operation that is costly because of the la 
capacity required. lf the color extraction time 
2 to 3 days, the savings in labor cost and 


and the fermentation tank 


could be reduced from the present 
decreased capital investment would be very substantial. Experiment © was 
run to determine the feasibility of increasing fermenter turn-over 1n red 
production in order to accomplish this. 
of 4 samples each and 2 lots o 
One lot received an addition 
250 p.p.m. Both of these lots were stored for 24 


hours at the alcohol conce ntrations shown in Figure 4. The third and fourth 


wine 
f 1 sample each were prepared 


Two lots 
of 100 p.p.m. of sulfur 


from the same must. 
dioxide and the second lot 
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lots, which served as controls, received additions of 100 and 250 p.p.m. of 
sulfur dioxide respectively, and then were fermented to approximately 12% 
alcohol content over a period of 96 hours. All samples of the 4 lots were 
fortified to 20% alcohol content immediately after drawing. 

As shown in Figure 4 the color content of the juices from the non-fer- 
mented musts was a function of both the sulfur dioxide and alcohol contents. 
The color content of the juices from the fermented musts was less than that 


100 ppm SOo 


250 ppm SOo 


% ALCOHOL 


Figure 4. The effect of alcohol and sulfur dioxide. Solid lines — not fermented. 
A — fermented to alcohol content shown with 100 p.p.m. of sulfur dioxide. [] — 
fermented to alcohol content shown with 250 p.p.m. of sulfur dioxide. 


of the corresponding non-fermented musts at the same alcohol level. This 
difference was even more striking in view of the fact that the juices from the 
non-fermented musts had been diluted approximately 13% niore than the 
juices from the fermented musts by the fortification to 20% alcohol content. 
In comparison to the 96 hours required for fermentation, equal color was 
obtained in the non-fermented musts in 24 hours at the 100 and 250 p.p.m. 
sulfur dioxide levels with respectively 10.6 and 5.4% alcohol contents. Thus, 
in the production of port wines adequate color extraction can be obtained in 
24 hours or less at alcohol contents well below the 20% usually found in this 
wine type. The writers wish to point out that color is not the only consider- 
ation. Before any commercial application of this procedure is considered 
it is essential that the wines be aged and tasted to determine if they are equal 
in quality to those produced by present methods. 


SUMMARY 


In fermentations of non-sulfited musts alcohol is the only factor of major 
importance in effecting color and tannin release from the grape skins. Alco- 
hol alone produces juices with more tannin and color than does fermentation. 
In fermentations of sulfited musts maximum color content is obtained prior 
to the end of the fermentation. Grape varieties vary in their behavior during 
color and tannin extraction. 


! 
70 
60 
%Y o 
40 


EXTRACTION OF COLOR, TANNIN FROM RED GRAPES 517 


With Zinfandel musts the color stability of the juices is an inverse func- 
tion of the amount of sulfur dioxide added prior to fermentation. 

soth color release and diffusion rate are dependent upon the degree of 
loss of the semipermeability of the cells in the skins. The color and tannin 
content of the juices from fortified musts increases with increasing alcohol 
concentration and increasing reaction time. A minimum reaction time is 
required at each alcohol concentration to reach equilibrium. 

More color can be obtained by storing fortified musts for 24 hours than 
by fermenting the musts to the same alcohol content over a period of 96 hours. 
The color and tannin content of juices from fortified Carignane musts was 
| to both the sulfur dioxide and alcohol concentrations at 


directly proportiona 


which they were stored. 
\ new process has been provisionally suggested for the production of 


red sweet wines 
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MECHANISM OF COPPER CASSE FORMATION 
IN WHITE TABLE WINE. 
III. SOURCE OF THE SULFUR IN THE SEDIMENT. 
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Department of Food Technology, and Division of Medical Physics 
University of California, Berkeley 


(Manuscript received May 3, 1958) 


White table wines containing excess of cupric ion may become turbid and 
subsequently form a sediment containing copper. This occurs under reducing 
conditions and is accelerated by the presence of free sulfurous acid (10, 11, 
15) or on exposure to light (7,8). Trichloracetic acid (TCA) precipitable 
nitrogenous constituents (presumably p lypeptides or proteins) are required 
(10, 11, 12, 15), but the critical level of these constituents is not known. Cop- 
per casse formation was observed in wines containing 15 mg. per liter of 
TCA-precipitable nitrogen expressed as protein when stored in the dark in 
presence of added sulfite (15). Kean and Marsh (11) observed casse forma- 
tion in commercia! wines containing 300 to 600 mg. of total organic nitrogen 
per liter of which only 1.5 to 4% was present as protein. They also observed 
casse formation when wines containing as little as 5 mg. per liter of protein 
were stored in direct sunlight in absence of oxygen / 11). Recently we inves- 
tigated a commercial white table wine containing 114 mg. of total organic 
nitrogen per liter of which 0.9 mg. was precipitable with TCA (eq 1ivalent to 
a protein content of 5.6 mg.), but which did not become turbid when exposed 
to sunlight at room temperature or when stored in the dark at temperatures 
up to 50° C. (This wine contained 5 p.p.m. of iron, 10 p.p.m of copper and 
up to 300 p.p.m. of sulfur dioxide ). 

The copper complex formed in wines containing sufficiently high con- 
centrations of protein and sulfurous acid dissolves readily when the wine 1s 
oxidized by exposure to air or by addition of hydrogen peroxide (10, 1. 
Wines containing excessively high concentrations of protein when stored in 
the dark at temperatures above 20° C. or when exposed to direct sunlight for 
too long a time will form a sediment which does not redissolve. Denaturation 
of proteins by heat and by light is well established (8, 16, 18,19, 20). Sul- 
fites also are known to precipitate proteins and to form permanently insolu 
ble precipitates but only at concentrations approaching saturation | ry: 
Complex formation between polypeptides and metal cations such as cupric 
ion is known to occur and the chemistry of these reactions has been investi 
gated systematically by Dobbie and others (4,5,6). Sulfhydryl compounds 
such as cysteine are known to catalyze polymerization of denatured proteins 


by increasing the extent to which intermolecular sulfide bonds are formed. 
This aggregation by the formation of intermolecular disulfide bonds has 
been observed during heat and urea denaturation of plasma proteins and 
more recently during ethanol denaturation (21). While the influence of cys- 


teine on precipitation of plasma proteins has been reported to occur in the 
presence of high concentrations of added ethanol (709% by volume) it 1 
possible that polyn erization of this type may occur in wines containing sul 
fites and cupric salts. Only the turbidity which forms under reducing condi 
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tions and which redissolves under ox! lizing conditions is considered to be a 
true copper casse (10, 22, 

It has been postulated that reduction of cupric ion to cuprous ion and the 
reduction of sulfur dioxide to hydrogen sulfide are part of the mechanism of 
casse formation (10, 15). At the time those investigations were carried out it 
was not possible to prove unequivocally that reduction of cupric ton occurs, 
although the presence of cuprous sulfide and cupric sulfide was established by 
X-ray diffraction data (15). The discovery of a reagent specific for cuprous 
er (cuproin) (9) makes this possible. Cuproin has already been used to 


cop} 
determine the oxidation state of copper in nolyphenol oxidase (14), and in 
poly] 
lations (7, 13 Investigations of the kine 


various cupric-ion catalyzed oxidat 


+r jons during casse formation in wine are in 


tics of valen change in coppé 

progress. It is also necessary to establish whether the sulfur in the copper 

sulfide precipitate is derive | from reduction of sulfur dioxide or from cleav- 

age of the disulfide bonds in protein. It is well known that in the presence of 
d re converted into a thiol compoun and a S-sul 
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due to the copper sulfide 


Geiger tube. It was assumed that all the activity present was 


flocculated by wine protein or to str mgly adsorbed sulfur dioxide. 
in dilute alkali (15) was used to differentiate 


The solu bility of the copper cCasse¢ 
between radioactive sulfur present as copper sulfides and that which was either strongly 
adsorbed by the ggaoneg proteins or f¢ rmed from the — bonds of the protein 
after reaction wit! sulfi After counting, the dried pre pit: was dissolved in an 
excess of - 0.1 N sodium hydroxide. The sulfite present was oxidi ized by the addition 
of 1 ml. of bromine water and stored for 25 hours at 30° C. The protein and other 
organic ~ollo’ ids present were pt ecipitated by addition of several drops of 4 N HCl. The 
acid-precipitated matter was centrifuged, washed, dried, weighed and counted. It still had 
an appreciable amount of radioactivity duc or chemically reacted sulfite 


The clear supernatant solution was light blue im color (owing to the presence of cupric 
lsorbet | 


either to ads wrbed 


ions) and contained sulfate 1ons (formed by the oxidation « { copper sulfide and ; 
SOs). The sulfate present was pre pitated as barium sulfate by the addition of 1 ml. of 
le and baolidio t 100° C. for 10 minutes. The barium sulfate was 


10% barium chloride 
separated out by centrifuging, ignited, — ind counted. The sulfite present im a 10 
insoluble matter formed was also conve rted 


ml. aliquot of the wine after removal « 
i onl counted. The chemical ana ilyses reported for 


content were made by proce jures previously 


into barium sulfate, ignited, weighe 
iron, copper, sulfur dioxide, and nitrogen 
described (15). 


RESULTS AND DISCUSSION 

under each ot the 4 storage condi- 
» shown in’ Table 2. This table also 
activity of the barium sulfate 


Data on the weight of casse obtained 


tions and the specific activity of S* are 
summarizes the data on the ws ight and specific 

obtained from the original wine aiter casse formation, that from the casse, 
and the activity of the residual proteins obtaine 1 by alkah fractionation. The 
activity of the various preparations is given as total me asured activity and 
f counts per minute per milligram of sulfur. 


also as concentration in terms © 
If the specific activity of the sulfur of the copper ¢ 
complex 1s formed by interaction 


complex is the same as tha 


if the supernatant wine, then the copper 


i 


between cupric ions and sulfite ions alone and the pr ‘tein present exercises 
This would be true whether the primary copper com- 


only a secondary effect. 
yric sulfide or cuprous sulfite. That this is so for casse 


from the data presented in Table 2. Both 


plex is cuprous or cup 
formed in the light is quite « vident 


TABLE 2 
Weight, total and specific activity of sediments and barium sulfate preparations 


Weight c/m/mg 


20° Dark Supe 41.5 mg 12 
14.9 mg. cass¢ 01.5 
( yxidizable cass¢e 26mg BasSO,4 51 3 142 
Final ppt’d casse 67.1 
40° Dark Supernatant wine 9‘ do 45.0 mg. BaSO4 1322 213 
Casse 29.4 mg casse 250.5 
Oxidizable casse > 4.3 mg. BadO4 91.5 154 
Final ppt’d casse 174.0 
20° Light Supernatant wine SO2 43.6 mg. BaSO,4 125) 208 
Casse 26.0 mg. casse 32 
Oxidizable casse S 5.6 mg. BaSO4 146.5 188 
Final ppt’d casse 164.3 
35° Light Supernatant wine SOs 43.5 mg. BaSO4 1260 210 
Casse 41.2 mg. casse 466.1 
Oxidizable casse 5 8.5 mg. BaSO4 241.0 204 
243.8 


Final ppt'd casse 
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at 20° and 35° C. in sunlight the specific activity per mg. of sulfur in the 
wine supernate and in the bromide-oxidizable copper casse sulfur is the 
same within the limits of experimental error. In the dark, however, the 
specific activity of the oxidizable sulfur of the copper casse is appreciably 
lower than that of the wine supernatant, indicating that reaction of sulfite 
with proteins leading to the formation of thiols or sulfonates capable of 
binding copper has occurred. In all cases the acid-precipitable material ob- 
tained after alkali treatment contained appreciable radioactivity. Thus, we 
can calculate the amount of SO, adsorbed by the wine proteins. This was 
greater in the light than in the dark and increased appreciably with tempera- 
ture. 

In the coagulation of proteins by ultra violet light at least 2 steps are 
involved; a photochemical reaction independent of temperature, followed 
by flocculation of the denatured protein, the latter reaction having a high 
temperature coefficient (16, 15, 20). Apparently a similar sequence of reac- 
tions occurs in the presence of copper and sulfite ions since the yield of casse 
obtained in the light and its activity is greater at 35° C. than at 20° C. 

The reaction of sulfite with disulfide bonds of proteins has been found 
to be more complex than that of organic sulfides (cystine). Cecil and 
Loening (2) reported that the reaction of disulfide bonds of insulin with 
sulfite varies in rate and extent with pH. In the pH range of 2.8 to 5.5 it 
is slow and only one of the disulfide bonds is split; at higher pH values it is 
more rapid and more disulfide bonds are split. In the presence of a thiol 
reactive reagent, however, the reaction is rapid and complete. It is possible 
that in the reaction of sulfite with wine protems, copper favors splitting of 
disulfide bonds. It is not known, however, whether the organic thiols formed 
would yield copper complexes capable of producing sulfates on oxidation 
with bromine. 

If the wine protein acts simply as a flocculating agent, it should be pos- 
sible to separate the copper complex from the protein. Lukton and Joslyn 
(15) reported this to be the case for one copper complex which was sepa 
rable by paper electrophoresis at pH 8 to 9 into copper salt and protet 
The radioactive copper protein complex obtained from the composite 
stored at 40° C. in the dark was used in similar electrophoretic experiments 
A small quantity of the complex dissolved in 0.1 N sodium hydroxide was 


spotted on a paper strip in a Spinco Paper Electrophoresis apparatus. \fter 
4 hours at 300 volts and 15 to 20 microamperes in a veronal buffer at pH % 


the paper strip was examined in a Geiger counter to detect any separation 
of protein from the copper complex. Little if any separation was observed. 
The small spot remaining at the origin gave a positive test for both copper 
and protein and had an activity of 44 c./m. ; the background count also was 
44; the spot which moved to the cathode also was positive for both coppel 
and protein, but had a slightly higher activity, 57 ¢./m. 

In veronal buffer at pH 9 the copper-protein complex was positively 
charged. Apparently under the conditions used the copper was firmly bound 
to the protein and the reaction product of sulfite and protein. 

The mechanism of the formation of an insoluble copper complex form “d 
in wine in the presence of sulfur dioxide was investigated by the use of 


sodium bisulfite containing labelled sultur. The complex formed contained 
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SUMMARY AND CONCLUSIONS 
both sulfur that was Ox! lizable to sulfate by bromine and sulfur which was 
not separable by solution in alkali and subsequent acidification. The quai 
tity of the latter formed was greater at 40° C. than at 20 and was greater 
in the light than in the dark. In the light the copper complex is formed by 
reduction of sulfite to sulfide with the subsequent formation of insoluble 
cupric sulfide and its flocculation by protein. In the dark this is true for 
much of the casse, but some casse is also formed by sulfite denaturation of 
protein. Such denaturation results in a copper-protein complex capable of 
yielding sulfate S on oxidation. The mechanism of this reaction 1s not 
known, but it is not due either to a simple sulfite denaturation of protein 
or to the usual sulfitolysis of prote in. 
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ANTIBIOTIC RESIDUALS AND MICROBIAL RESISTANCE IN 
POULTRY TREATED WITH TETRACYCLINES * ° 
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Many antibiotics have been investigated as possible agents for prol nging 


storage life of perishable foods ; chlortetracycline (CTC) and oxy-tetracycline 
(OTC) were found acceptable for have 
the United States Food and Drug Administra- 
with the stipulation that residuals not exceed 
| be present at the time the food 


this purpose. These tetracyclines 


received the approval of 
tion for use on poultry but 


10 residua 


7 p-p-m. in the raw tissue and that 


is to be consumed. 


[he tetracyclines retard the growth of the microflora for a time but alter 
nber of organisms increases and spoilage re- 


several days of storage the nur 
srowth of organisms on Carcasses treated with tetra- 


sults. Subsequent 


cyclines could result from the develoy 


‘ment of an antibiotic resistant popula- 


tion or from a decrease in the activity of antibiotic in tissue to such a level 
longer inhibited. An increase in the resistance of 
processed in the presence of CTC as com- 


pared to poultry processed in the absence of CTC has been reported by Ng 
7 


that the organisms were no 


organisms growing on chicken 


et al. (11 
The purpose of this work was to determine the residuals of CTC, OTC 


and tetracycline (TC) remaiming raw poultry tissue after treatment wit 


concentrations of 10 pg. ml. and 30 pg./ml. of the respective antibiotics and 
f the residual antibiotics on the resistance of 


also to determine the effect 0 


organisms causing spoilage oO! poultry. 


MATERIALS AND METHODS 


Thighs and backs ot ¢! ckens were soaked for 10 or for 120 minutes in aqueous soll- 
tions containing 10 of 30 wez./mi. ot C14 OTC or TC. Only tl ‘chs were used for d 
termination of res il antibiotics in deep or subsurface tissue. The pieces o! chicken were 

ckaged in polyethylene bags ana ston at 4° C. In addition, samples 0! antibiotic solu- 
tored at 4° C. and were assayed for 


nd of the unknown samples were ™ 


curve ana 
zone diameters of the unknown samples with those of the standard curve indicated the 
quantity o1 residual antibiotic 
For the assay, 150 ml. ot brain heart infusion agar mo ulated with spores of Ba illus 
cereus var. mycoides (ATCC 9634) was Pp ired into a pyrex utility lish (13% x 834 X 
13% in.). The spore suspenstot eenerally was of such concentration that 1 ml. of spore 
100 ml. agar gave satistactory results. Aiter the agar s lidified and the 


suspension per 
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assay disks were placed on the plate, the plate was refrigerated 1 hour before it was 
incubated at 30° C. for 18-24 hours. For some of the assays 18-hour broth cultures of 
B. cereus were used as inocula and results similar to those with spores were obtained. 
However, use of a spore suspension eliminated the necessity of daily transfers and vari- 
ations which could result from differences occurring in the broth cultures from day to 
day. The spore suspension was stored at 4° C. 

Skin and lean surfaces were sampled by placing '% in. diameter assay pads‘ on the 
surface until the pads became saturated with free moisture. Previous determinations h id 
shown that pads would absorb 100-110 mg. moisture when dipped into a solution or the 
equivalent of 0.1 ml. of solution. When used on the surface of chicken, pads generally 
absorbed 85-100 mg. of surface fluids if skin or lean flesh surfaces were m« ist. If sur- 
faces tended to be drv, it was necessary to move the pad to areas adjacent to the initial 
site of testing to obtain satisfactory moisture content in the pad. Lean surfaces sa pled 
were exposed by removal ot ckin. It is recognized that the method of sampling surfaces 
was only a crude quantitative approximation, but it did show the relative decrease re- 
sidual antibiotics in the surface fluids ; eliminated the problem of trying to cut 
out surface samples to a stan lard depth 


m 
mpieda 


To determine concentration of antibiotic in subsurface tissue, su 


moved with the aid of a scalpel ind appre ximately a 1 £ sam le 
1 water vided ¢ a ratio of one 


urface tissue was re 
tissue about '4 in 


below the surface was obtained. Sample was weighed and 
part tissue to three parts water. The mixture was g1 und with a mortar and pestle in 
presence of 1 a * sand Aiter the debri ed, assay pads wert saturated with 
he supernatant liquid and placed on the | 

skin and I 


ment with antibiotic s« lutions, after 6 hou 


Sampl were made « 


ot anti! totic solutions t tor dipping were store 1 also at 4 
time intervals 
For studies on development of bacterial resistat 
of eviscerated birds were immers 1 for 120 minute 
CTC, OTC or TC. Contr ls were prepared by soaking the correspone 
for 120 minutes. Half carcasses of birds were stored at 4 C. in 
| i the skin surtace were 1 ken at 0, 2, 5, 10 nd 12 d 


samples oO! 


made on nutrient agar and incubated at 15° C. tor 72-96 

plates were transterre | by the replicate plating hr » other nutrient 
containing CTC, OTC or TC at levels of 0, 0.5, 1.0, 2.9 1 These 
incubated for 36-48 hours at 15° ¢ | 
crowded in order to obtain suit ble 
k 


100 to 125 ies were found to be m 


RESULTS AND DISCUSSION 


There was no appreciable decrease in potenc) of any 
ke | 


solutions were slightly ac: 


solutions used to soak ¢ 


been reported by Leppet 
at 4° C 
Figure 1 shows the levels ot 


the skin surface; each poimt on 

otic represents an average Ol 10-1 48% hours 
the concentration of antibict'cs on the ski urfaces decreased rapidly , after 
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Figure 1. Residuals of tetracyclines recovered from skin of antibiotic treated 


poultry stored at 4° C. 


surfaces and subsurface tissue Therefore, it appeared that in chicken flesh 
TC was more stable than ‘ TC. and OTC more stable than CTC. In fact, 
TC has been shown to be the most stable, OTC intermediate in stability and 
CTC least stable of the three over a pH range of 2.5 to 9.0 when heated at 
100° C. for 15 minutes or when incubated at 37°C. in phosphate buffer 


(4.6). Wright et al. (15) showed also that during storage at 5° C. in water 


or saline at a slightly acid pH or in citrated plasma, CTC deteriorated most 
rapidly and TC least rapidly of the three. Thus, the initial decrease in the 
concentration of these antibiotics in poultry tissue could be attributed to in- 


activation of the antibiotics and to diffusion of the antibiotics throughout the 


flesh. 
The curves in Figure 1 also show that the concentration of antibiotic found 
the skin varied « ‘rectly with the concentration of antibiotic solution used 


on 
treatment tme For example, the residual on t 


and length of he skin was 
30 wg./ml. of antibiotic 


higher when . - was used than when 10 pg mi. was used ; 
also the residual was higher aftet ] 

Recoveries from the lean surfaces are not shown since the con- 
centrations of the residues parallel those for skin surfaces. The recoveries 
luring the first 48 hours would average about | yg. ml. 


\fter this time there was no appreciable d 


treatment for 120 minutes than after 10 
minutes. 
from the lean sul faces « 
less than that from the skin. 


ferance between the two. 
Abbey et al. (1), Windlan et al. (14) and Broquist and Kohler (3) pre- 
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sented data indicating that the level of residuals of CTC in poultry tissue 
varied with the concentration of antibiotic used. Silvestrini et al. (13) and 
Windlan and his co-workers (15) demonstrated also that the levels of CTC 
residues varied from one tissue to another. For instance, the level was fre- 
quently highest in skin tissue and frequently lowest in breast tissue. Ander- 
son, et al. (2) treated chickens with solutions containing 10 »g./ml. of CTC 
and after 3 days storage could recover 0.91 and 0.93 yg./g. of raw tissue 
from New York dressed and eviscerated birds respectively. There was a 
gradual decrease in the residuals recovered for approximately one month of 
storage at 3° C.; after this time no antibiotic was detectable. 

In the present work, a limited number of assays (10 for CTC and 5 for 
OTC) were made on macerated skin during storage. Numerically, the results 
were similar to those obtained by absorption of surface fluids into an assay 
pad. One difference was that during the first 24-48 hours of storage the 
values were significantly higher from the absorption of surface fluids than 
from the macerated skin. However, as storage was prolonged, the two 
values approached equality which could be attributed to diffusion of the an 
tibiotic throughout the skin. 

Figure 2 shows the levels of tetracyclines found in the deep tissue after 
treatment with solutions containing 30 ug./ml. of the respective antibiotics 
for 10 minutes and for 120 minutes. When the poultry tissue was treated 
with these solutions for 10 minutes, the residual in the deep tissue by the 14th 
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Figure 2. Residuals of tetracyclines in subsurface tissue of antibiotic treated 
poultry stored at 4° C. 


day was appre imately 1.5, 3.0 and 4.5 zg./g. for CTC, OTC and TC respec- 
tively ; with treatment for 120 minutes, the residuals were approximately 3.5, 
4.0 and 5.0 pg./g. respectively. Several experiments continued for 21 days 
showed that levels of antibiotics decreased only slightly below those found at 
14 days. A comparison of the levels of antibiotic found in the tissue after 
treatment for 10 and 120 minutes illustrates the effect of length of time on 
antibiotic uptake. 

Figure 3 compares the levels of antibiotic found in the 3 different tissues 
after treatment with CTC and OTC. The treatment of 30 wg./ml. for 120 
minutes was selected as being representative of the various treatments. 
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Figure 3. Comparison of levels of chlortetracycline (CTC) and oxytetracycline 
(OTC) found in different tissues (ug. &. for deep tissue). 
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metabolic products of ba ‘al inactivation such 
as oxidation which would take place rap div on the surtace Also, part ¢ { the 
rapid decrease of Tr siduals on the surfaces could be attri vuted to migration 
and dissipation of the antibiotic to the inner tissu 
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perature of incul aul 


Welch have demonstrated iat at 


++ was chosen for the determination 


\ddition of agar to the me lia exerte 


medium. 


temperature ¢ ncubatiol 

Work reported pre viously by Ayres ef al. (3) indicated that organisms of 
the Pseudomonas-Achromobacter gt up were predominant and developed 
rapidly on both control and antibiotic treat d birds. No indication was given 
it that time as to the at tibiotic susceptibility of the microbial populations 
occurring on these birds. Ng et al. (11) have reported that 63 to 78% of the 


population on birds exposed to ¢ rC during processing of in laboratory ex- 
periments were resistant to 5 p.p.m. CTC, whereas 5 p.p.m. CTC inhibited 
most of the organisms occurring on unexposed poultry. 
Table 1 indicates the changes in percent of organisms susct ptible to Crt 
is during storage. On antibiotic 


~ 


on both control birds and antibiotic ¢ 
treated birds, there was a decided decrease in the percent of organisms in- 
hibited by CTC. On birds treated with a solution containing 10 pg ml. of 
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TABLE 1 
Percent of total population inhibited by increasing levels of CTC, OTC and TC. 


anti Controls Treated 

used storage “gz antibiotic/mi. nutrient agar “wg antibiotic/mil. nutrient agar 
, 0.5 1.0 2.5 5.0 0.5 1.0 2.5 5.0 


14 


64 


CTC, 5 pg. CTC added to each ml. nutrient agar inhibited 90% of the 
organisms on the first day, by the second day 43% were inhibited and by 12 
days 9%. Similar findings of increased resistance were found in the presence 
of OTC and TC. 

A comparison of the percentages of organisms inhibited on the control 
and treated birds on the last day of sampling shows that with 5.0 pg. CTC 
per ml. of nutrient agar that an average of 879 of the organisms were in- 
hibited but on the treated birds only 9% were affected by the antibiotic 
(Table 1). After 6 or 8 days there was very little increase in the percentage 
of organisms that developed resistance to the antibiotic. Final samples were 
obtained at 10 to 12 days when spoilage was evident and the total surface pop- 
ulation was considered to be approaching a maximum. On beef treated with 
CTC, Jay, Weiser and Deatherage (8) found that with the exception of the 
micrococci, there was little ditference in resistance between organisms from 


control rounds and treated rounds. 

A certain number of organisms on the control birds was resistant to the 
antibiotics. This would suggest that a portion of the normal flora of un- 
treated poultry was resistant to the tetracyclines and that in the presence of 
the residuals in the poultry meat this resistant flora multiplied and_pre- 
dominated. In addition to resistance to the individual antibiotics, in general, 
those organisms which were resistant to one of the tetracyclines also were 
resistant to the other two. Bohonos et al. (4), in studies on the antibacterial 
spectra of tetracyclines, observed that organisms which were resistant to CTC 
generally were resistant to TC and OTC. The significance of the development 
of resistant organisms in processing plants regularly using antibiotics has 


not been determined. 


SUMMARY 

Chlortetracycline, oxytetracycline and tetracycline were found to persist in 
raw tissue at concentrations dependent upon the level of antibiotic used for 
treatment and the length of time of exposure to the antibiotic. Organisms 
isolated from poultry treated with CTC, OTC or TC were more resistant 
to these antibiotics than were those occurring on control birds. In general, 
organisms resistant to one of the tetracyclines also were resistant to the 
other two. 
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THE SELECTIVITY OF AUTOCLAVE-STERILIZED 
VIOLET RED BILE AGAR * 


PAUL A. HARTMAN 
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(Manuscript received May 3, 1958) 


It has been stated that “so-called ‘typical’ colonies appearing in solid 
media pour plates . . . may not be accepted as colonies of Escherichia-Aero- 
bacter unless a sufficiently thorough examination of a large number of colon- 
ies from representative samples has proved that they may be so accepted” 
(7). 

Autoclave-sterilization of Violet Red Bile (VRB) Agar in aliquots has 
preparing media well 


been widely practiced because of the convenience in 
1 as a standard proce- 


ahead of use. Although this practice has been acceptes 
dure (8, page 144), manufacturers of the medium still suggest (2,3) that 
VRB Agar be prepared immediately prior to use by heating to boiling. The 
literature lacks investigations regarding the selectivity of VRB Agar for the 
Also, little information 1s 


enumeration of coliforms in non-dairy foods. 
1 re-melting of 


available concerning the effects of autoclave sterilization an 
VRB Agar on the efficacy of the medium. It was ¢ msidered advisable to 
examine the selectivity of VRB Agar as affected by the type of food being 
examined and by the method of preparation of the medium. 


MATERIALS AND METHODS 
pie or dinner was we iched into a sterile, tared blender 


A 100 g. sample of a frozen pot 
was blended for two min., then 1 ml 


jar, 400 ml. of sterile water were idded, the mixture 
of the 1:5 dilution was added to each of duplicate sterile petri plates About 15 ml. of 
melted, cooled agar were added to each plate, the sample was mixed, the agar was allowed 
to solidify and plates were verlayed with about 5 ml. of sterile melted aga The plates 
were observed after an incubation period of approximately 24 hours at 37° C 
The media used in th following studies were prepared by either 
“Autoclaved” agar was prepared in batches of 6-8 liters, melted, bottled in approximately 
100 ml. aliquots, and st rilized in the autoclave at 121° C. for 20 min. The bottles of agar 
as possible followimg sterilization in order to 


of 2 methods 


were removed from the autoclave as soon 
avoid prolonged exposure to high temperatures 
in the autoclave at 121° C. for 10 min., as nec ded. “Boiled” medium was pre pared immedi- 
ately before use by heating to boiling to melt the agar and then cooling to 45 C.. (2,3) 
Colonies observed on the agar plates were divided into 2 categories: purplish-red col- 
termed “typical” colonies, while purplish-red col- 


I 
Sufficient quantities were melted for use 


onies 1 or more mm in diameter were 
onies of less than 1 mm diameter were called “small” colonies 


3) 


RESULTS AND DISCUSSION 


Parallel coliform tests were made on a series of 40 chicken pot pies (0 
different brands) using “boiled” and “autoclaved” VRB Agars. The counts 
(ranging from less than 3 to 15 per gram) of 27 
(Table 1) showed that the method of preparation of the agar had little effect 


hife sitive samples 


* Journal Paper No. J.-3406 of the lowa Agricultural and Home Economics Experi- 
ment Station, Ames, lowa, Project No. 1379. This investigation was supported (in part) 
by research grant No. E-1141(R) from the Institute of Allergy and Infectious Diseases 
of the National Institutes of Health, Public Health Service. 
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TABLE 1 
agar prepared by two different methods ! 


Counts obtained on VRB 


Number 


1 See text for method of preparation 


+ 


Although pies from different processors might be 
1s), performance of 


the tained 
on the counts obtalled 


contain different flora (strains of coliforn 
the “boiled” and “autoclaved” agars app ared to be similar, regardless of the 
lo not imply that VRB Agar may be 
eossly mistreated. Distinct darkening of the agar and inhibitory effects were 
2B Agar which had been le 1 in the autoclave overnight 


ted to 


brand of pie examined. The results 


f+ 
t to coo 


fer the coliform count. 


follown g sterl ization was us 1 tor the 


A comparison of “aut claved” VRB and Deoxycholate Agars on 86 poul- 


trv and beef pot pies” indi ated (Table 2) that the 2 media vielded approxt- 
mately equivalent counts. The average count (count/¢. sample) was 28./ on 


VRB Agar and 30.6 on Deoxvcholat \gar. 


TABLE 2 
and deoxycholate agars for the coliform count of pot pies 


A comparison of VRB 


Less than 3 


The 2 media were also examined for selectivity. “Typical” colonies were 
picked from the plates, streaked for isolation on the same medium from which 
they had been taken, then were tested for lactose fermentation and IMVIC 
Of 61 “typical” colomes examined (Table 3), 55 (90%) be- 
longed to the / scherichia and Acrobacter genera (41 Escherichia spp“, © 
Aerobacter spp. and 8 intermediates). In a parallel test, of 42 colonies from 
plates of raw milk samples, only 12 (29% ) belonged to the Es¢ herichia and 
Aerobacter genera (4 Esc] j 


reactions (0 


richia Spp., 


that the term “coliform count” when applied to 


hacter spp. and 5 intermedi- 


ates). Thus, it would appear 


frozen pot pies and related products falls well within the definition ot “coli- 


> Twe ne chicl _ 28 turkey pies and 29 beet pies were exan ined. All sam- 
ples were 0 of 1956. No more than 3 s umples came from any one 
lot. Only “typical” colonies were courte 1 
None of the 41 herichia spp. isolated could be identified as belonging t serological 
groups which have been associated with infantile enteropathogenic conditions. It may be 


st no greater than in 


concluded that the incidence of these types in frozen pot pres Is at lea 


milk (5,9 
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form count” as accepted by the dairy bacteriologists (cf.: 4 for recent liter- 
ature review, studies and discussion regarding dairy products). 
Occasionally pot pies may be found which yield low coliform counts as 
determined by counting “typical” colonies; yet the pies contain relatively 
large numbers of bacteria which form “small” reddish colonies on VRB 
Agar plates. Supposedly, red colonies should not be included in the coliform 
count unless they exceed 0.5 mm. (8) or 1-2 mm. (3) in diameter. In order to 
learn the identity of the “small” colonies, 51 “small” colonies (red colonies 
less than 1 mm. in diameter) were streaked for isolation on Eosin Methylene 
Blue Agar from VRB Agar plates of pie and dinner samples selected at 
random. Isolated cultures were carried on Stock Culture Agar during partial 
identification (Table 4). Thirty-six cultures (71% ) belonged to the Escher- 


TABLE 3 


The identity of cultures isolated from “typical” 
colonies on VRB and deoxycholate agar plates 


Type of culture | Percentage of cultures (61 total) 


VRB agar 
- | 
Non-lactose fermentors 10 10 


TABLE 4 


The identity of fifty-one cultures isolated from 
“small” colonies on VRB agar plates 


1 Included were 3 indole negative E. intermedium; 1 indole positive, 3 VP negative and 1 citrate 
negative A. aerogenes; and 6 gelatinase negative 4 i 1 


and Achromobacter (1). 
procedures were nega- 
grouping sera (groups 


genera Alcaligenes 
ns by ordinary diagr 


stic serum and Shigellz 


2 Seven of the 13 cultures probably belonged to 
Five cultures which would be listed as suspected pathog 
tive when tested with Lederle Salmonella polyvalent diagn 
A, B, C, D and Alkalescens-Dispar). 


ichia and Aerobacter genera (15 Escherichia coli, 6 Aerobacter aerogenes, 
1 A-cloaceae and 14 intermediates). Percentagewise, only about half as 
many “small” colonies (Table 4) as “typical” red colonies (Table 3) were 
confirmed to belong to the genus Escherichia. Thus, confirmation of Es- 
cherichia became more urgent when ‘‘small” red colonies were present than 
when only “typical” colonies appeared on the VRB Agar plates. Streak plates 
of Eosin Methylene Blue Agar were about 90% effective for presumptive 
identification of Escherichia trom VRB Agar, when compared with isolation 
followed by IMVIC tests. 
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CONCLUSIONS 


rilized in the autoclave | 131° C.. for 15-20 


to use without sub- 


Violet Red Bile Agar may be ste 
C. for 10 minutes ) prior 
| from meat pies. 

on VRB Agar plates after 24 hours 
he coliform count, regardless of 


minutes) and re melted (121 
stantially affecting the counts obtaines 

All of the red colonies appearing 
incubation at 37 C. should be included in t 
the size of the colony. 


The presence of red colonies on VRB Agar plates of frozen pot pies and 


frozen dinners cannot always be interpreted to indicate the presence O! 
Escherichia or closely related genera. A streak plate of Eosin Methylene Blue 


Agar may be used whenever circumstances dictate confirmation of Escher- 
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Acetylation of natural fats and oils by interesterification, acetylation of 
superglycerinated fats, or by the acetylation of purified mi noglycerides ot 
long chain fatty acids, such as stearic or oleic acids, has resulted in the syn- 
thesis of new type fats with usual propertues and of potential value as edible 
fats. These modified fats have been referred to as “acetoglyce rides” , 
“acetin” fats (5). As used here the term “acetoglycerides” refers to botl 
aceto-oleins and acetostearins. To distinguish between the two, the acetylated 
monoglycerides derived from highly hydr« wenated lard or vegetable oils are 


g 
referred to as acetostearins. and those derived from unsaturate d fats as aceto- 
oleins. These acetoglycerides are undoubtedly the same type as those referred 


to as “acetylated monoglycerides” by Herting et al. (21) 
There is no apparent reason to suppose that acetoglyceride s should be 
hydrolyzed differently mm vit than natural fats [here is also no reason t 


1 


suppose that the metabolic end products should be more toxic than 
arising from the metab Jism of fats normally present m food. Partial hydrol- 
ysis of triglycerides to mono- and diglycerides has been reported to take 
place during baking and during digestion im man and experimental animals 
(6, 23, 24, 27, 29). The nutritive value of these mono- and diglycerides has 
been shown to correspond to that of natural triglycerides of similar fatty 
acids (11, 26). and the mode of digestion and nutritive value of acetylated 
monoglycerides have been shown to be the same (21). The rate of absorption 
of the acetoglycerides was found by Ambrose and Robbins (1) to be as gor vd 
or better than that of a partially hydrogenated shortening (Crisco), while 
the digestibility of acetostearins and aceto-oleins was comparable to that 
reported by others (4, 13, 16, 22) for completely hydrogenated and unhydro- 
genated fats. No difference was observed by Ames ef al (2) or Bourke and 
associates (12) in the nutritive value of puritied monoglycerides or mixtures 
of mono- and diglycerides when compared with triglycerides. 

Triacetin in amounts up to 55% of the diet of rats has been reported to be 
non-toxic, to support good growth, and to be converted to long chain fatty 
acids (15). Acetic acid 1s rapidly utilized when fed to mammals (18, 25), and 
has been described as occupying a key position in the metabolism of fats, 
By the use of labeled acetate it 


carboyhydrates and certain amino acids (7). 

has been demonstrated that acetic acid disappears rapidly from the blood (14), 
and labeled carbon dioxide appears 1 the expired air (31). Acetic acid has 
been shown to take part in the biosynthesis of che Jesterol in man (20) and 
animals (8), in the synthesis of fatty acids (30, 32) and in the acetylation of 


amines (3, 9, 10). 


a Present Address: U.S. Army Environmental Health Laboratory of the Army 
Medical Service, Army Chemical Center, Maryland. 
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Studies on the effects of the acetoglycerides on reproduction were conducted on each 
of the 5 acetoglycerides For this purpose 10 female and 5 male weanling rats were placed 
on a diet containing 10% of an acetoglyceride, and a similar number of rats of both sexes 
were placed on the basal diet (diet No. 1, Table 2). After appr ximately 3 months on 
the respective diets, all rats were mated and the number of siblings cast and weaned was 
Those acetoglycerides pe rmitting successful reproduction m the first generation 


recorded 
generations. All rats receiving other acetoglycerides 


were studied on several successive 
were remated several times before discontinuance 


RESULTS 


Longevity. The survival data are summarized in Table 3. They indicate 
that none of the ace toglycerides even at the 20% level altered mortality during 
the first 400 days. Rats on 20% were not carried beyond 400 days. On the 
5 and 10% levels most of the deaths eccurred during the last 100 days of the 
‘hange in survival occurred in male and 


709-day test period. The greatest ¢ 
female rats receiving acetogly ceride sample At ‘26, and in male rats rr ceiving 
samples AG-21 and AG-3 Results obtained with diets containing triacetin 
or sodium acetate suggest that the acetate ion that might be derived from a 


‘et did not contribute to an increased mortality 
Growth. The data on body weights are summarized in Table 4 With the 

possible exception ¢ ; male rats receiving 20% of samples AG-194 and AG-31, 

20% ols ample AG-31 there were no marked effects 


10% acet lve eride d 


and female rats receiving 
on growth rate and final body weights 

Organ weights. lables 5 and 6 summarize the data on organ weights 
lable 5, the only organs consistently affected by the 20% level 
of the various acetoglycerides were the testes and liver. The testes of rats 
on the 3 acetostearin diets ( AG-194, AG-26, AG-31) were significantly 
smaller than those of the control rats or rats on the two aceto-olein diets 
(AG-21 and 4G-3). The livers of male rats on 20% AG-194 and of both 
male and female rats on 20% AG-31 were significantly larger than those of 
Although the total ether extractives (fat) from these livers did 
not indicate fat storage, fat droplets were observ ed microscopically. The livers 
20% AG-21 and At ‘3 were smaller than those of control 


As shown 1n 


control rats. 


of female rats on 
rats, showed increased amounts \ ¢ ether extractives, and exhibited fat droplets 


microscopically Kidneys of female rats on 20% AG-31 were significantly 


larger than those | f the controls 
Data on the 5 and 10% levels of the acetoglyce rides 
show no real differences between control and experimental groups except for 
hts of testes of rats receiving AG-194 for 600 days or At 1-31 


for 600 days or more 


a decrease in welg f 
for two years. 

Liver fat and glycogen. In Table 7 data are summarized on liver fat 
and glycogen for rats on 20% acetoglyceride diets for 400 days Although 
the liver fat values were consist nt within experiments, C nsiderable variation 
was encountered between the different acetoglycerides. Liver fat values for 
the males on the 3 acetostearins (AG-194, AG-26, AG 31) were slightly 
lower than those of the controls whereas the liver fat values for the 2 
oleins (AG-21 and \G-3) were considerably higher. In the females m 
marked difference was observed between the controls and the expe rimental 
weights in 


aceto- 


groups, except for the group of rats on AG-3. The actual liver 
g./100 g. of body weight (Table 5 )had no relationship to the fat found, and 


histologically no pathological changes were observed 


oat 
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Liver glycogen values for both male and female rats, summarized in 
Table 7, suggest that the acetoglycerides were devoid of glycogenic activity. 
Where changes in liver glycogen were observed the values were always below 
those found for control rats on diet 1. These observations on liver glycogen 


storage after the ingestion of diets containing 20% acetoglycerides for 400 
days are comparable to results reported on shorter experiments for natural 


fats and oils (17), and for acetic acid (28). 

Efficiency of food utilization. The effect of the acetoglyceride diets on 
the efficiency of food utilization over a 100-day period is evident from the 
data summarized in Table 8. In general the acetostearins decreased the 
efficiency more than did the aceto-oleins, and the effect was related directly 
to the concentration in the diet. 


TABLE 3 
Survival data for rats on diets containing acetoglycerides 
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lung consolidations, adhesions, cysts, middle ear infection, and other infec- 
tions. Bladder stones were found in one control rat autopsied at 700 days, 
and in 17 experimental rats, of which only one was a female. The greatest 
frequency of bladder stones occurred in rats fed 209% AG-31, AG-26, and 
AG-21 for 400 days, stones being found in 2, 5 and 3 rats respectively. Bladder 
stones occurred in one rat receiving 5% AG-194 for 600 days, and at the 
end of 700 days in one rat on 5% AG-31, one rat on 10% AG-26, and in 
2 rats each on 5 and 10% AG-21. No bladder stones were found in rats on 
any dietary level of AG-3. 

In at least 50% of the rats on all levels of AG-194, AG-31, AG-26 and 
AG-21, the uteri were discolored, “rusty.” No discoloration of the uteri 
was observed in the rats in the control group or in rats on all levels of AG-3. 

Testes of all rats on the diets containing 20% acetostearins for 400 days, 
on 5 and 10% AG-194 for 600 days, and 5 and 10% AG-31 for 700 days 
were considerably smaller than those of the controls. A total of 34 tumors 
was found and these occurred principally in rats that were 600 to 700 days 
old. The incidence of tumors was no greater in the experimental groups than 
it was in the control groups. Only 8 tumors were found between 400 and 
600 days on the respective diets, the remaining 26 were found after 600 days 

Microscopic pathology. Sections of liver from control and experimental 
rats stained for fat showed the presence of more fatty material in the livers 
of animals fed various samples of acetoglycerides at dietary levels of 20% 
for 400 days than was seen in control livers. The variability of fat deposition 
within different animals of the same group was striking. Also, within the 
same liver the deposition was patchy, so that when some hepatic cells were 
greatly distorted by deposited lipid, other cells showed none. Similarly 
affected cells usually occurred in groups situated about central veins, but the 
distribution of the change within the liver lobules was not constant. The 
absence of other evidence of liver cell injury suggests that the fatty deposits 
represent a storage phenomenon. Hematoxylin-eosin stained liver sections 
showed these changes as vacuolation. Livers of animals receiving lower levels 
of acetoglycerides for 700 days showed about the same frequency and degree 
of vacuolation as noted on the 20‘¢ level after 400 days. Some of the animals 
receiving 10% of the various acetoglycerides in the diet for 700 days exhibited 
a little more irregularity in size of the hepatic cells than was seen in the con- 
trols. Occasional clusters of large cells were seen. They were all less than 
1 mm. in diameter and their appearance gave no suggestion of malignancy. 

A severe degree of testicular atrophy was present in rats receiving dietary 
levels of 20% AG-194 or AG-31 for 400 days, and the same damage existed 
in animals on 10% or 5% AG-31 for 700 days. Well-developed testicular 
atrophy was found in all animals receiving 10% AG-194 for 600 days, 
whereas the degree of atrophy was moderate in 4 of 6 animals receiving 5‘¢ 
AG-194 for 600 days, testicular structure being practically normal in the other 
two. The testes of animals receiving acetoglycerides AG-21, AG-26, and 
AG-3 were not distinctly different from those of the controls 

Kidneys from some animals in different experimental groups showed tiny 
focal deposits of basophilic material, presumably calcium, commonly associated 
with irregular tubular dilatation and patchy scarring. This calcification 
usually appeared within the tubules of the medullary pyramids and was ap- 
parently precipitated in the substance of casts. It was sometimes present 
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also as small lumps in the interstitial tissue, usually in the medulla, and some- 


times it occurred as small calculi in the pelvis. 
These kidney changes occurred principally in organs from animals which 
AG-194, 20% Af 5-26, and 20% At ;-31. Most of these lesions 
but several of them were severe. The 
for 600 and 700 days resulted in minor 
half) of the animals. A‘ 1-21 
of the kidneys at 


received 20% 
did not distort the kidneys greatly 
smaller doses of these substances 

changes of the same type in a portion (less than 


and AG-3 produced essentially no calcification or scarring 
any of the dose levels. 

A suggestion of a sex difference could be observ ed in the kidney lesions 
in the female kidneys were mi st severe after At 3-26, 
he male kidneys were seen in the AG- 


t 
he affected groups, however, there were 


noted above. Changes 
while the most prominent lesions 1n 
194 and AG-31 animals. In each « it 


some kidneys which showed very little or no alteration. 

An interesting alte ration of the fatty tissue eccurred in many of the treat- 
ed animals on AG-194, \G-26, and AG-31 for 400 days, but not in the 
animals on At ‘21 or AG-3. > mewhat less prominent similar changes were 
present aiter 10% or 5% AG-194 tor 600 days, and practically no such 
changes were f und in the 700-day animals. 

This lesion consisted of small foci of foreign 
clustered about what appeared to be 


body reaction in which 


| small giant cells were 
the residue of fat droplets. Each such structure presented a central s 
which there were often fine clefts i a faintly stained matrix, suggest! 
fine crystals had been dissolved out during preparation of the specimens. 
These suggest fatty acid crystals and are consistent with the idea that some 


focal change in the stored fat has caused it to act as a foreign body. Commonly 
is were similarly involved, producing a clump of fused 
The adjoining surr uinding fatty tisue, 


macrophages an 


several adjacent fat ce 
nodules of foreign body reaction. 

however, appeared perfectly normal. 
1ost frequently and most prominently in the small 


This change was seen 1 
of the stomach, but tt 
} 


amount of fatty tissue attached to the outer surface 
occurred also next to the small intestine, adjacent to the bladder and around 
lated to the spleen, pancreas, 


the ovary. Occasionally a small focus was Te 
The reaction was not found around the renal pelvis or in 
It should be noted, however, that only 
smuch as they were present only in 


adrenal or testis. 
the fatty tissue of the thorax or neck. 
small samples of fat were available imas - 
cidentally to the preparation of sections 
in brings to mind the disease of human infants 
in which the fat of the adipose 
scture and excites a foreign 


of other organs. 


The appearance of this lesi 
known as sclerema adiposum ne matorum, 
tissue has an abnormal, sometimes CT) stalline, strt 
body reaction. ‘is disease is a deficiency of 


olein in the adipose tissue, causing 


One of the suggested causes of tl 
the fat to solidify at a higher temperature 
than is usual (33). 
The other organs of the experimental animals showed no changes which 
could be clearly distinguished from those in controls. Pneumonia, and in- 
*§ the endometrium occurred fairly frequently without relation 
mammary adonomas 1 older animals 
ascribed to the treatment. 
tate were not dis- 


flammation 

to the treatment Similarly, several 

and occasional other tumors cannot be 
The animals which received triacetin and sodium ace 


tinctly different from the controls. 
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SUMMARY 
Three samples of acetostearin and two samples of aceto-olein were fed 
to albino rats at dietary levels of 5, 10 and 20% for periods ranging from 
400 days at the 20% level to approximately 2 years on the lower levels. 
No significant differences in growth were noted between the control 
animals and those fed acetoglycerides except in the case of male rats on 
dietary levels of 20% acetostearins AG-194 and AG-31, and female rats 


receiving 20% AG-31. 

Testes of rats receiving the three acetostearin diets were significantly 
smaller than those of the control rats or rats fed the two aceto-oleins. The 
livers of male rats fed 20% acetostearin AG-194 and of both male and female 
rats fed 20% acetostearin AG-31 were significantly larger than those of the 
control rats. Livers of female rats fed 20% of either aceto-olein were smaller 
than those of the control rats. Kidneys of female rats fed 20° acetostearin 
AG-31 were significantly larger than those of the controls. 

The storage of liver glycogen by rats on the various acetoglyceride- 
containing diets was not enhanced. Excess fat observed in rats fed the various 
acetoglycerides appeared to be a storage phenomenon since it was unaccom- 
panied by evidence of cellular damage. 

Acetostearins produced a foreign body reaction in the fatty tissue of a 
number of the organs, presumably due to crystalline deposits of a high melting 
point fat. 

Acetostearins AG-194, AG-26, and AG-31 produced some scarring of 
kidney tissue, presumably due to deposited calcium. 

Acetostearins AG-194 and AG-31 inhibited reproduction. This finding 
correlates well with the decrease in weight of the testes and the histopatholo- 
gical evidence of testicular atrophy produced by these two acetostearins. It 
also correlates with the “rusty” discoloration of the uteri observed in at least 
half of the rats receiving these acetostearins and suggests an increase in 
vitamin E requirement. The fact that discolored uteri were also seen in rats 
receiving acetostearin AG-26 and aceto-olein AG-21, and that the former gave 
rise to small testes without microscopic evidence of atrophy suggest the 
increase in E requirement was not great enough to interfere with reproduction 
in these instances. 
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EFFECT OF ACETOSTEARIN ON REPRODUCTION 
IN ALBINO RATS 


ANTHONY M. AMBROSE*, DOROTHY J. ROBBINS, AND FLOYD DreEDS 
Western Regional Research and Development Division 
Agricultural Rese arch Service 
U. S. Department of Agriculture 
Albany 10, California 


(Manuscript received April 29, 1958) 
(AG-194, AG-26, and AG-31) and two 


‘roduction and lactation in albino rats 
reported by Ambrose, 


The effect of three acetostearins 
aceto-oleins (AG-3 and AG-21) on rej 
through a test period of three generations has been 
Robbins and Cox (1). When acetostearin samples AG-194 and AG-31 were 
added to an adequate basal ration at dietary levels of 10%, significant de- 
creases occurred in the number of litters cast and the survival of the young. 
Acetostearin AG-26 permitted normal reproduction and survival on the same 
dosage level, as did the two aceto-oleins. Not only did reproduction efficiency 
decrease when both sexes received acetostearins AG-194 and AG-31, but 
it also decreased when male or female 
mated with rats on the control diet. 
sistent with the “rusty” discoloration of the 
topsy. Table I provides information on the 


rats receiving acetostearin were Cross- 
The effects on reproduction were con- 
uteri and decrease in weight of 
the testes observed at time of au 
preparation and characteristics of the five acetoglycerides studies by Am- 
brose. Robbins and Cox (1). 

cause of the effects on repro- 


Before proceeding with an analysis of the 
ing the two acetostearins it 


duction and lactation occurring on diets contain 
should be noted that the effects occurred despite the following circumstances. 
The rats on the control basal diet reproduced well and weaned the offspring 
successfully. This fact agrees with our experience over a period of many 
years with this same diet. The peroxide values for the control diet and the 
10% acetostearin diet were 0.0026 and 0.002 meq/g. of diet respectively. The 
vitamin E content of the control diet and acetostearin diet as determined by 
the Florisil method was 20 and 25pe/g. of chet respectively. 
2% BHA (butylated hydroxy anisole) as an antioxidant, 

E) per gram of 


Since the aceto 


stearin contained 0.0 
the 5 wg. additional reducing material (apparent vitamin 
acetostearin diet can be accounted for by the residual BI {A in the acetostear- 
in. The true vitamin E content of the two dicts may, therefore, be regarded 
as identical. Moreover, the residual BHA in the acetostearin would be ex 
pected to exert a protective action on the vitamin E content of acetostearin 
diet. 

The addition of 10% acetostearin to the basal diet necessitated minor ad- 
justments in the amounts of certain basal constituents to permit maintenance 
of protein content and approximate caloric value. The composition of the 
control and experimental diets is given in Table 2. Since reproduction was 
good on the basal diet, and since no essential difference exists between the 
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A. M. AMBROSE, D. J- ROBBINS, AND F. DE EDS 


TABLE 2 
Composition of diets 


Components 


Casein 

Cornmeal (degerminated ) 
Linseed oil meal 

Alfalfa (ground) 

Bone ash 

Sodium chloride 

Cod liver oil (U.S.P.) 


Brewers’ yeast 


Acetoglycerides 


Protein percent 


Calories/100 g 


two diets as regards peroxide value, vitamin E content, or fatty acids supplied 
by cod liver oil, cornmeal and linseed oil meal, one is forced to conclude that 
the poor reproduction on the acetostearin diet was due to increased require- 
ments for vitamin E and/or essential fatty acids. 

The literature dealing with the physiological effects of vitamin E defi- 
ciency has been summarized by Mackenzie (5). and the need for essential 
fatty acids in normal reproduction and lactation has been reported by Kum- 
merow and associates (4) and by Deuel et al. (3). Finally Moore et al 
(6) have reviewed the work of Dam and coworkers and others, and reported 
independent evidence on some of the beneficial effects of methylene blue in 
counteracting some of the effects of vitamin E deficiency. 


EXPERIMENTAL 


The information summarized thus tar suggested that supplement ition of the diet con- 
taining 10% acetostearin, In this case sample AG-194, with alpha-tocopherol, soybean oil 
is a source of essential fatty acids, alpha-toc: pherol plus soybean oil, or methylene blue 
would throw light on the reproduction effects noted above. The composition of the ace 
tostearin diet is given in column 2 to Table 2. To each kilo of this diet one of the follow 
ing supplements was added : 200 mg. alpha tocopherol; 20 g of soybean oil; 200 mg Ip! 
tocopherol plus 20 g of soybean oil ; 1.25 g. of methylene blue 

A sufficient number of weanling male and female rats from our own stock was 
placed on the acetostearm diet without added supplements Fifty days later the rats were 
livided into 4 groups of 5 males and 10 females each, and one group of 4 males and 
8 females. The latter group was placed on the acetostearim diet supplemented with methy- 
lene blue. One of the other 4 groups was placed on the unm wlified acetostearin diet, the 
other 3 groups being placed on the supplemented acetostearin diets described above The 
male and female rats of each group were kept separate on their respective diets until 100 
days of age at which time they were mated. All rats were kept on their respective diets 
for approximately 7 months, during which time they were mated 4 times. Records wert 
kept of the size of litters produced and the number of young weaned on each diet 


RESULTS AND DISCUSSION 


The data obtained on repr duction performance are summarized in Table 


The 4 successive matings on the diet containing 10% acetostearin desig- 
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ACETOSTEARIN AND REPROD! CTION IN RATS 


TABLE 3 


Reproduction performance on supplemented and 
nonsupplemented acetostearin diets 


Diet First Second Third Fourtt 
mating mating mating mating 
Control 12/9/75/42 | 11/9/40 25 | 11/6/34/29 
10% AG 194! 6/9/45/19 8/7/25/14 | 8/4/1778 7/1/1/0 
10% AG 194+ E + Corn Oil 9/9/57/37 | 9/8/48/15 | 9 8/62/43 9/7/41/18 
10% AG 19494+E 10/7/39/32 | 10/8/44/1 | 10/7/4318 | 8/6730 13 
10% AG 194 + Sovbean Oil 10/2/5/0 10/0/0/0 10/0/0/0 19/0/0/0 
10% AG 194 + Methylene Blue 8/4/16/14 7/5/20/6 7/6 35/13 7/5/19 5 
Key The figures given tor each mating reter t number of females/nu f litters/tota 
imber f pups/total number weaned 
At time of autopsy brown dis ratior the ute was served 11 ll female rz n the t 
ntaining 10% AG 194 with and without the 5 “ supplement I ie i 


peared rmal im 


nated as AG-194 clearly reve al a progressive decrease in the number of lit- 
This 


ters, the total number of pups, and diminishing success ™ weaning. 
alysis showed an amount of vitamin E comparable to 
that in the control diet this amount was inadequate 1n the presence of the ace- 
body stores of vitamin E were depleted in successive 
by others the addition of methy 


suggests that while an 


tostearin and that 
matings. In agreement with observations 
the uteri and restored rey 

The addition of vitamin E to 


lene blue eliminated the brown discoloration of 
duction performance to a significant degree 
| performance and further improvement re 


The addition 01 


the acetostearin diet improve 
sulted when both vitamin E and soybean oil were added. 
soybean oil alone to the acetostearin diet practically eliminated reproduction. 
This observation is in harmony with the idea that oxidation of the unsaturated 
fatty acids facilitates destruction of vitamin Ee (2) and raises requirements 
for this vitamin. 

Collectively, the data suggest strongly that a diet contaimng 10% 
AG-194 and having a vitamin E content normally adequate for 
yrimarily because of increased 


tostearin 
satisfactory reproduction performance failed 

1 not because of a lack of essential fatty 
Moreover, the beneficial effect ol tained by adding the antioxidant methylene 
blue to the acetostearin diet suggests that the acetostearin raised the vitamin 
lestruction rather than by interference witl 


vitamin E requirement an acids. 


E requirements by facilitating its ¢ 1 
its absorption. 
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BEHAVIOR OF STARCH DURING Ft )OD PREPARATION 
I. SOME PROPERTIES OF STARCH-WATER SYSTEMS* 


ELIZABETH M. OSMAN > axnp GERDA MOOTSE 


Department of Foods and Nutrition, Michigan State University, East Lansing, Michigan 
(Manuscript received September 18, 1957) 


Fundamental to understanding the behavior of starch-thickened food 
products is a more complete characterization of various for id starches accord- 
ing to their behavior during fo¢ rd preparation. That starches from different 
botanical sources differ in certain of their properties has long been recognized. 
Since Nageli’s observations (17) nearly one hundred years ago that potato 
and wheat starches are affected differently by certain chemicals, numerous 
later investigators (5, 7,23) have c ympared some of the physical properties 
of different starches. The importance of these differences in physical prop- 


erties to practical applications 1s well recognized and the variety of natural 
starches available has been augmented by many chemically modified starches 


of diverse characteristics. 

Despite the many studies of the physical and chemical properties of these 
various natural and modified starches, recorded data on certain properties of 
special importance in food products, such as gel strength and cold-paste 
viscosity, seem to be meager. For this reason, choice of a particular starch 


for use in a particular food has been largely an art in the past, and the effects 
of varying the cond tions under which it was used have been little understor rd 
The few studies along this line which have been reported serve to point out 
the value of further work. 

Woodruff and her associates /28 29) found that 5% pastes of corn, 
wheat, rice, potato, arrowroot and cassava starches all failed to form gels 
unless they were heated above 90° C. although cassava starch gave no gel 
even after heating to 99.5° C. Whittenberger and Nutting (26) and Hofstee 
and de Willigen (8), however, reported that gel strength of potato starch 
pastes heated to various temperatures passed through a maximum value, and 
the latter investigators indicated that maximum gel strength c responded to 
maximum hot-paste viscosity. Seck and Fischer (21) found no correlation 
between gel strength and viscosity for a number of different starches, although 
they and others (4,18) found a relation between viscosity and the degree ot 
swelling of the granules. These and other investigations / 1, 15, 27) led to the 
conclusion that gel strength and viscosity are two distinct and different prop- 
erties of the pastes. 

The present series of studies may help to furnish a sounder basis for se 
lecting the best starch for a given use and also elucidate the conditions which 
will give the most desirable results with the particular starch chosen. The 
purpose of this study was to determine how the extent of cooking affected 
a number of properties of starch pastes and to compare a variety of starches 
and flours in this respect. To this end sixteen representative food starches 

* Journal Article No. 2127 from the Michigan Agricultural Experiment Station. 
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Industries Viscometer = samples 
cooking. Points at which cooking 
were by 


and three flours were Cot \ked in a Corn 
were taken at various points during the 
stopped and samples were taken for further tests 
viscosity on the 


was 
positions in reference to the maximum 
rather than by temperature or length of cooking time alone, 
had different gelatimization temperature. 


gelatinization curve 
since the different 


starcnes used | 


EXPERIMENTAL 


« used were representative ¢ mmercially prepared prod- 


ucts W! n ot rice starch. This starch was prepared in the laboratory 
by ‘Dr Ss. Z tson of the Cort Products Refining Company from the same lot of 


Waxy 


ization ¢ lit > 


used, cooking was Car! 


Bechtel (14). Heating and gelatinization of the <tarch-water mixture 
beaker was accompli hed with glycerol-water bath at 106 C. It was 
tion at this temperature more closely approximated that obtained ur 
conditions than would gela n with the 92° C. water bath more 
this instrument. Use ot {§ the lower temperature loes not pro’ 


of most starches, and hence may give qu 


rature The stirrer was 


sary for maximum swe 


ror 


The recording me hanism of 
cosity of the starch-water mixture 
elatinization should be interrupted 


of the same concentration, th 


This record formed the sis for determin 
for further tests Use of pastes 
impracticable for the present 


vide the samples 


ferable, was 0 acl 


the maximum viscosities { some of the starches 


study since, at any concentration 
lay outside the range of the Corn Industries Viscometer. Therefore the concentration ot 
each starch was regu lated to produce appr ximately the same maximum Vist sity (105 + 
8 g.-cm.). Concentration of the starch in the starch-water mixture Was calculated on 
the dry weight basis Account was taken of the moisture of the starch, whict been 
determined by drying in a vacuum oven at 120° C. to constant weight | bout 8 rs) 
After the proper c ncentration was ! und tor a @! ch ixtures this con 
centration were cooke 1 to each of the 1 llowing points hot-paste viscosity cul 
(a) initial rise in the viscosity curve, (b) viscosity, (c) maximum 
viscosity, (d) maximum Vist sity plus 5 m (e) maximum viscosity lus 20 
{ point was reached, the starch-water beaker was qu 


minutes. When the lesired 
moved from the viscometer and the samples poured tor 
neg paste required f r some tests, ana als 


be made 


the necessity for 
tion of the samples a r testing, witl resulting “skin” formation i 
each point of the 


te gelatinization was usu lly carried out for each test at 


the volume of sta 


delay in the prepat 


cases, separ: 
gelatinization curve 
In the case of 


the cross-linked starches, which had no maxima im their hot-paste vis- 


rie 
at which the viscosity became nearly constant was arbitrarily 


cosity curves, the port 
comparison with the maximum viscosity ilue 1 
starch heating the paste 3 minutes after 


r other starches 


selecte 1 tor 
A cooling curve was obtained for each 
re: uched, then cooling by circulating the aqueous glycerol sé 


maximum viscosity Wé as 

tion of the heating bath through a copper coil in an I 

the 40 to <0 minutes required to lower the temperature of the starch paste to 30 ae 
Volume of swollen granules. Estimates of the actu ‘1 volume occupied by the swollen 


Cooling was ued 


granules at the designated points during gelatinization were mace by centrifuging 40-m! 
samples of the freshly prepared paste in graduated centrifuge tubes at 3000 r.p.m. Tor 25 
This length of time was required for a practically constant volume to be ob- 


minutes 
tained. Results are recorded in Table 3 
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BEHAVIOR OF STAR¢ 


Cold-paste viscosity. ‘ old-paste viscosities were determined with a Stormer vib- 
cosimeter, the cup and bob of which were modified according to the specifications o! E. K 
‘ischer (3) to give truc laminar flow. The cup used had a radius of 1.746 cm. and a height 
=< om The bob had a radius of 1.365 cm. and a height of 3.53 cn The water bath 
le cup was maintained at 30° = 0.3° C. by circulation of water trom 
a large constant temperature bath of that temperature 


surrounding the samp 


An arbitrary test Was established tor sat ples co ked t the p ints on the hot-paste 
viscosity curves previously indicated. A sample of the freshly cooked paste, slightly 
larger than the amount needed for the test, was poured into a ¢ vered 2-02. jar which was 
placed in a 30° C. water bath tor 45 minutes (some what longer than the time nee ed 1 
bring the paste to 30° C.). The san ple was then given 2 or 3 stirs with a spatula d 
transferred to the viscosimeter CU} cup W s raised to give 4 clearance o! about 1 a 
between the bottoms of th hob and cup. Sufficient start paste was ysed to form an 
‘ob. Because of the ver) wide range of vis ysities 


where W is th load in grams 


r.p.m 


vorking constant calculated by Fischer tor » and bo e dit 

Gel strength. Tests for gel strength were made with a recording gel tester ¢ n- 
structed according to the specifications OT E. T. Hjermstad This test, a dification 
{ the much-used od first propos i by Saare a! i Martens l measures the rece 
required t vithdr sk from a gel im which it 1s ed. The present moar 
tion provides tor cot it and reproducible increase in the force applied at n aut 
matic recording of the force required t break the gel, using the dynamometer-recot et 
mechanism of the Cort Industries Viscometer 

Imn ediately atter the san ple was cooked to the Jesired point, it Was poure 1 int i 
250-ml. Griffin Pyrex beaker \ copper disk, 19 mm. in diametet nd 1.5 mm, thick, 
attached centrally t the bottom of a! i 2.2 mm. in diameter with 4 wk at the top, 
supported level 3.0 cm. below the surface of the gel, and centered in U beaker. A flat 
yvasher attached to the rod reste m the center ta slotted cover, ! ing the disk m 
position \ thin film ott ineral oil was m mediately placed on top of the plate. Samples 
were stored in a refrigerator at about 2° C. tor 18 hours. This temp« rature was Chose! 
in order that the results ot this study may be compared with 1! ture studies Of food prod 
ucts, many ot which are too perishable to be held at 25° C., the hok temperature com 
monly used for tests of starch gels. Since the rate of change ™ gel strength was ! und 
to be insigmihcant after 18 hours at this temperature, this pet ’d was chosen as the 
holding time. W ith holding times greater than about 20 hours at this temperature, diffi- 

shrinkage o! the gel trom the beaker W ills, allowing the whole gel 


culty was caused by 

to be pulled up with the disk during the test 

the beaker was clan ped in place on the gel-lowet 
hook at the end of the 


Aiter the 18-hour holding period, 
ing mechanism and the cord tron the dynamometer attached to the 
disk-rod. With the strongest gels tested, it was necessary to attach an auxiliary W 
to the dynamometer arm The chart drive and gel-lowering mechanism were started and 
the test made automatically. The yield point of the gel was indicated by a distinct level 
just betore the breaking 01 the gel 


ing of the recorded curve 


i 
on 
5 
24 
overisy toc an this study, the same However, the 
} \ hlitteret sal es m th one: « mtroducea 1OW 
exhibited by different bie variable in shear stress was mntroe hosen to give 
starches. [hu the same starch. A ght ies with the 
1 tor sampics series Wit t 
une weight Was shan 80. for the sample ot the it 
fess than 100, but usually greater Lich showed extreme varlatiom 
ty. With a few starches wi" hat lower r.p.-m. readings 
highest cold paste yiscosit) giving some what lowert 
Ling times, a Welg g 
after different cooking U 
with the more vis : cuccession, since pt ar) 
mg each sat 4 hetween reading | pert, 
A total ot readings On the lengtl f time Dbetweel 
xperiments had shows that smail he frst to the third but the 
» affect ti result. Readings i were made using e 1 
ect ne n rysom, aicul \ ~quation 
mstant For made using the equat 
cu in «terms «(of an 
Calculation of viscosity ™ 
reading ale 
lu nd Ky the 
} rred ana ki 
W r.p.m. is the observed va 
n= Kyx 
re 


Os Ol (AMPINY-6S) Way MA 
Uso 
seyoseys Burploq-ury 


usJOI AXBM 
AXEM 
payulp-ssoid azeydsoyd 
wunysios 


yeu MA 
| 
AA 


M 


| 
pOOIMOIIY 
AA 
AXB AA 

Sayoseys paytpouu 


3 
6" 


x 


oss 


a 
| 


INS 
mon 


~ 


| 


+ 


+ 
+ 


anoy 10 


ur asts 


AYISOISIA 


APISOISIA 
Ul asts 


wnuixed ) 


saynuru ¢ + 


saynurw 
CPISOOISIA WINUIXE 

seynuru 
AYISOISIA 


csp 


Ayso 

APSOISIA WINUIXE 


(°3) 
JO 


J (Sas.od) 
AVISOISIA 


4 
} -_ ~ 
S00 eo © 
| 
PAIS + + 
+ 
— 
© 
= 2 
~ 
— — pe 
= 
3 
— 
|| 
2 i 
| 
a 
j || = nm 
iw 
i 
| 
| 


BEHAVIOR OF STARCHES. I. 559 


RESULTS AND DISCUSSION 


Data presented in Tables 1 and 2 indicate how greatly various properties 
of the pastes of most natural and modified starches and flours depend upon 
the extent of cooking which the pastes have undergone. Furthermore, they 
illustrate the great differences in the concentration of various starches and 
flours required to produce the same maximum hot-paste viscosity and the 
variations in the way in which the different starch pastes respond to co king 
beyond this point. These differences are large even when the flours and 
modified starches are ignored and only the natural starches are considered. 
The unmodified starches are listed in the order of the concentrations used. 

It is evident that cooking 20 minutes beyond the attainment of maximum 
viscosity had little effect upon waxy rice starch, although similar treatment 
reduced the hot-paste viscosity of the sago starch paste below that which 
could be measured by the Corn Industries Viscometer (Table 1). The other 
starches showed effects intermediate between these extremes. The degree of 
“set-back” which occurred when pastes cooked 3 minutes beyond maximum 
viscosity were cooled in the viscometer, with stirring, to 30° C. also varied 
greatly, sago starch again giving the lowest viscosity, but with wheat starch 
giving the highest. Table 2 shows that when samples for measurement of gel 
strength and cold-paste viscosity were taken from pastes cooked just to the 
point of maximum viscosity, these properties were not the same for all sam- 
ples, as the hot-paste viscosities had been, nor did they vary in relation to the 
concentration. However, when values for the pastes of unmodified starches 
cooked 20 minutes beyond maximum viscosity were compared, there appeared 
to be a nearly direct relationship between t * concentration and the cold-paste 


viscosity, with only one major exception ~.g0 starch. The same appeared 
true for concentration and gel strength t arly all the unmodified starches 


that produced any visible gel structure, the exception in this case being rice 
starch. 

When the logarithm of the c ild-paste viscosity for each of the 11 un- 
modified starches was plotted against its c ncentration (Figure 1), all points 
except that for sago starch fell very close to a straight line. Choice of the 
falling weight for each sample was made to allow use of a single weight for 
all samples from a single starch rather than for all samples at a particular 
cooking time. Therefore, values for different starches are not entirely com- 
parable since there were some variations in the weights used. Nevertheless, 
the conditions do not seem to be sufficiently varied to exclude completely the 
significance of such a comparison. 

That the anomalous behavior of sago starch was not the result of the low 
pH value of the sample used in these experiments was shown by later studies 
in which the pH was adjusted to 6.5, without changing the cold-paste viscos- 
ity. The fact that the rapid breakdown in viscosity of sago starch paste 
observed in this study does not seem to have been encountered by Hofstee (7) 
in his studies of gelatinization curves with the V. I. Viscograph suggests that 
the sample used in this study may possibly have undergone deterioration 
during the manufacturing process, which is less controlled in the case of sago 
starch than for other types of starch. 

When the logarithm of the gel strength for the 7 gel-forming unmodified 
starches was plotted against the concentration, only the point for rice starch 


i 
> 
ee 
= 
2 
| 
Bi 


ELIZABETH M. OSMAN AND GERDA MOOTSE 


Concentration (%.d.s.) 


Figure 1. Relation of cold-paste viscosity to concentration. 


did not fall close to a straight line ( Figure 2) when the pastes which had been 
cooked 20 minutes beyond maximum viscosity were considered. Possibly the 
very small size of the rice granules may be a factor in producing this dif- 


ference. 

Many attempts have been made to relate hot-paste viscosity curves to 
other starch properties. Numerous investigators (2, 10, 22, 24) have observed 
that pastes prepared from the smaller granules of starch from a given 
botanical species have a higher viscosity than those from the larger granules. 
Of possibly more significance is the relationship which Hofstee (7) pointed 
out between the hot-paste viscosity curves for several unmodified starches 
and physical properties reported by other workers. The x-ray diagrams of 
Katz (11), the water sorption data of Sair and Fetzer (20), the sedimentation 
volumes of van Itallie (9), and the heats of gelatinization measured by Mullen 
and Pacsu (16) all appear to show that hot-paste viscosity curves reflect to 
a high degree the intermolecular association within the granules. 
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Figure 2. Relation of gel strength to concentration. 


Katz's widely accepted interpretation of the hot-paste viscosity curve (12 


the progressive swelling of 


curves, one caused by 
by their breakdown, suggests that in those 
intermolecwar 


as an overlapping ot 
the starch granules and the other 
samples cooked 20 minutes beyond maximum viscosity the 
bonding has been destroyed to a considerable degree. It appears (Figures 1 
and 2) that cold-paste viscosity and gel strength of pastes cooked to this 


extent are determined to a high degree by concentration, regardless of the 


the starch that such factors 


botanical source of These results seem to indicate t 
as ratio of amylose to amylopectin and the size of the amylose molecule 27, 
28) may be of somewhat minor importance 
the characteristics of many starch pastes. 


in comparison to bonding within 


the granule in determining 
In addition to furnishing information for comparing different starches 
data show how different properties of a single starch 
by altering the time of cooking. For example, 
vevond the point of maximum 


used in foods, these 
are aftected simultaneousl\ 
as 60-fluidity corn starch in water was cooked | 
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Extent of Cooking in Terms of Hot-Paste Viscosity 


Figure 3. Thin-boiling (60-fluidity) corn starch. 


hot-paste viscosity, the mixture thinned very rapidly until the viscosity became 
too low to register on the viscometer. However, when cooking was stopped 
at various points and tests made, it was observed that those factors causing 


gel formation increased very rapidly as the hot-paste viscosity decreased. 
Cold-paste viscosity also increased, although to a lesser degree. It has been 
found convenient to plot all the data for a single starch on one graph, as shown 
for 60-fluidity corn starch in Figure 3, in order to study these simultaneous 
changes. The resulting graphs illustrate vividly the large differences between 
starches cooked for shorter periods of time. They also indicate the lack of 
correlation between hot-paste and cold-paste viscosities, and between gel 
strength and either of these properties after different cooking times. 


Resistance of waxy starch pastes to separation by centrifugation showed 
that these granules of branched-chain molecules held large amounts of water 
in very strong association, a fact reflected in the clarity of these pastes. The 
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lower gelatinization temperatures of these starches as compared with the 
corresponding non-waxy varieties indicated the greater ease with which water 
penetrated the waxy granules. These characteristics, as well as the inability 
of waxy starches to form gels, were presumably caused by the lesser degree 
of association between the branched molecules. 

Introducing cross-linkages into the waxy starches restricts the penetration 
of water into the granules with the result that the granules swelled only 
gradually and their pasting curves never passed through a maximum, although 
the viscosity ultimately reached a nearly constant value. Cold-paste viscosity 
values likewise increased gradually throughout the cooking period used. Like 
the parent waxy starches, cross-linked waxy starches did not exhibit the inter- 
molecular forces necessary for gel formation. 

The 3 flours studied — wheat, rice, and waxy rice flour — differed con- 
siderably in their behaviors from the corresponding starches. There was no 
consistent difference between the flours and their starches, probably because 
the other ingredients present, including amylases, varied in kind and amount 

Adjustment of pH value of each starch so that the value after cooking 
was approximately 6.5 exerted only a very slight effect on the properties 
measured except in the case of sago starch, which had the lowest pH value 
when cooked in distilled water without addition of alkali. When the pH of 
this starch, originally 4.3, was raised to 6.5, the hot-paste viscosity dropped 
to half its original value, although the gel strength and cold-paste viscosity 
Because the effects of these adjustments 


remained substantially unchanged. 
were so small in all other cases, only the results of the unadjusted systems 
are reported here. 

Behavior of these starches in food products will be modified considerably 
by other ingredients present. With this present study as a starting point, 
investigations are being continued on the effects of individual food ingredients 


and mixtures of ingredients on these systems 


SUMMARY 


Hot-paste viscosity, cold-paste viscosity, granular volume, and gel strength 


are recorded for five points during the cooking of nineteen representative 
food starches and flours. After prolonged cooking the cold-paste viscosity 
of the unmodified starches appeared to depend more on concentration than 
on variety of starch. Likewise, with those unmodified starches which formed 
gels at the concentrations used, gel strength appeared more dependent upon 
concentration than upon starch source. However, after shorter cooking 


periods, no such similarities between the various starches were observed. 
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A COMPOSITE SAMPLE METHOD FOR THE ANALYSIS 


OF BLENDED MATERIALS * 


Many procedures for the bacteriological or chemical analysis of foods 


involve blending of the sample in order to obtain homogeneous dispersion, 


suspension and/or thorough extraction of the sample. Since the number ot 
has frequently been limited by contamer size, It 1s often 


samples examined 
ecessary to pool data obtained from several individual analvses or to com- 


hine several homogenates for a single determination \ composite sampl 
technic is described here which possesses distinct advantages for certain in- 
vestigative, quality control and regulatory purposes. One spe cific applica 


Wl be detailed and several other uses in the field of bacteriology will 


be mentioned in order to illustrate the su ple princi 
An increase In sample size mc rel necessitates an increase 


rfected a blender 


of initial investment. For example, miitary specifications prescribe (1 


ate analysis of 2 or 3 samples from every lot considered for purchase. It 
-omposite sample method were used, 5 samples could be combined tor one 
determination, enabling an increase 1n the number of samples examined with 
a concomitant decreas¢ In effort expended. food processor uso find 


1 le method suitabl hic nurt reticular] 
\posite sample method suitable for many of Als purposes, particularly 


when line samples are being taken periodically during a “‘ba 


1 
the con 


«lt 


Duplicate samples could be reserved for individual analyses, should results of 
the composite analysis so indicate 
Use of the large blender technic 1s not limited to the microbiological an 


alysis of pot pies. The large blender container 1s suitable for enumer: 


t-up poultry, or on the 


the microorganisms on the exterior of whole or cut-up | 


surface of up to two dozen shell eggs. For such surface counts the food 
stuff is placed ina tight-fitting open wire basket (2) or on top of a large-me sh 


wire screen bent around the blender blades in order to protect the food during 


“washing” (blending). 


* Journal Paper No. J -3407 of the lowa Agricultural and Home Economics Experi 
ment Station, Ames, Iowa. Project No 1379. This investigation was supp { 
by research grant No F-1141(R) from the Institute of Allergy and Infectious Diseases of 
the National Institute of Health, Public Health Service 

» Some difficulties were experienced with deformation of the vinyl gasket seal at the 


top of the container. These difficulties could be minimized by loosening or removing the 


container top during sterilization 
© Model CB-3 Commercial Blendor, Waring Products Corp 
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one gallon 1s comm ally a 4. 
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i ¢ Inw need ¢ 1-2 min 
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Although the uses cited above are microbiological, the reader may find 
the composite sample method convenient for other specific applications. 


A. HARTMAN 
Department of Bacteriology 
lowa State College 

Ames, Iowa 
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